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AN 


LIE and WRITINGS of the 
AUT H OR. 


OLIN MACLAURIN was deſcended of 
an ancient family, which had been long in poſſeſ- 
ſion of the iſland of T:rrie, upon the coaſt of Ar- 
gyleſhire. His grand-father, Damel, removing to 
Inverara, greatly contributed to reſtore that town, after it 
had been almoſt entirely ruined in the time of the civil 
wars; and, by ſome memoirs which he wrote of his own 
times, appears to have been a perſon of worth and ſuperior 
abilities. John the ſon of Daniel, and father of our author, 
was miniſter of Glenderule; where he not only diſtin- 
guiſhed himſelf by all the virtues of a faithful and diligent 
paſtor, but has left, in the regiſter of his provincial ſynod, 
laſting monuments of his talents for buſineſs, and of his 
public ſpirit, He was likewiſe employed by that ſynod in 
completing the verſion of the pſalms into Jriſb, which is 
ſtill uſed in thoſe parts of the country where divine ſervice 
is performed in that language. He married a gentlewo- 
man of the family of Cameron, by whom he had three 
ſons; Fehn, who is {till living, a learned and pious divine, 
one of the miniſters of the city of Glaſgow ; Daniel, who 
died young, after having given proofs of a moſt extraor- 
dinary genius; and Calin, born at Kilmoddan ig the month 
of February 1698, 
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His father died ſix weeks aſter ; but that loſs was in a 
good meaſure ſupplied to the orphan family, by the affec- 
tionate care of their uncle Mr. Daniel Maclaurin, miniſter 
of Ki/fnnan, and by the virtue and prudent economy of 
Mrs. aciaprim, After {ſome ſtay in Argylifhire, where 
her ſiſters and ſhe had a ſmall patrimonial eftate, ſhe re- 
moved to Dumbarton, for the more convenient education 
of her children : but dying in 1907, the care of them de- 
yolved entirely to their uncle, 


In 1709 Colin was ſent to the univerſity of Glaſgnw, and 
placed under the care of one of the beſt men, and moſt 
eminent profeflors, of this age, the learned Mr. Ger/hom 
Carmichael, Flere he continued five years, applying him- 
ſelf to his ſtudies with that ſucceſs which might be ex- 
pected from parts like his, cultivated with the moſt indefa- 
tigable care and diligence, We find, amongſt his oldeſt 
manuſcripts. fragments of a diary in which he kept an ac- 
count of every day, and of almoſt every hour of the day; 
of the beginning and ſucceſs of every particular ſtudy, en- 
quiry or TR - of his converſations with learned 

of them, and the arguments on either 
ſide. Here we read the names of Profeſſor Carmichael, 
the celebrated Mr. Robert Simon, Dr. Johnſton, and ſeveral 
other gentlemen of learning and worth; who all yied who 
ſhould moſt encourage our young philoſopher, by opening 
to him their libraries, and admitting him into their molt 
jutimate fociety and friendſhip. He could not, afterwards, 
find time to keep ſo formal a regiſter of his life, but we 
are aſſured the habit never left him; and that every hour 
of it was continually filled up with ſomething which he 
could review with pleaſure. | 


His genius for mathematical learning diſcovered itſelf ſo 


early as at twelve years of age, when, having accidentally 


met with a copy of Euclid in a friend's chamber, in a few 
days he became maſter of the firſt fix books without any 
aſſiſtance: and thence, following his natural bent, made 
ſuch a ſurprizing progreſs, that very ſoon after we find him 
engaged in the moſt curious and difficult problems. Thus 
much is ec rtain, that in his fixtcenth year, he had already 

invente! 


of the AUTHOR. * 


iavented many of the propoſitions afterwards publiſhed un- 
der the title of Geometria Organica. 


In the fifteenth year of his age he took his degree of 
maſter of arts, with great applauſe ; on which occaſion he 
compoſed and publicly defended a Theſes on the power of 
gravity : and after having ſpent a year in the ſtudy of divi- 
nity, he quitted the univerſity, and lived, for the moſt part, 
in an agreeable country retirement at his uncle's houſe, 
till near the end of 1717. In this retirement, he purſued 
his ſtudies with the ſame affiduity as he had done at the 
univerſity; continuing his favourite reſearches in mathe- 
maticks and philoſophy, and at other times reading the 
beſt claſſic authors; for which he naturally bad an exceed- 
ing good taſte, 


In the intervals of his ſtudies, the lofty mountains amidff 
which he lived would often invite him abroad, to conſider 
the numberleſs natural curiofities they contain, and the in- 
finite variety of plants that grow on them; or to climb to 
their tops, and enjoy the moſt extenſive and moſt diverſi- 
fied proſpects. And here, his fancy being warmed by the 
grand ſcenes which preſented themſelves, he would ſome- 
times break out into a hymn or poetic rhapſody on the 
beauties of nature, and the perfections of its Author, Of 
theſe ſome fragments ſtill remain; which, tho” ſo un- 
finiſhed that it can be only thro” forgetfulneſs they have 
not been deſtroyed, yet ſhew a genius capable of much 

reater things-in that way. His friends; however, are 
obliged to the accidents that have preſerved them, together 
with ſome others of his juvenile performances; for how- 
ever unfit they may be for the public view, they ſhew the 
progreſs he had made in the ſeveral parts of learning, at 
the time they were written: and what can be more de- 
lightful, than to obſerve the gradual openings and improve- 
ments of a mind like that of Mr. Maclaurin ? 


In the autumn of 1717, he preſented himſelf a candi- 
date for the profeſſorſhip of mathematics in the mariſlial 
college of Aberdeen, which he obtained after a comparative 
tryal of ten days with a very able competitor : and being 
fixed in his chair, he ſoon revived the taſte of —_— 
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cal learning, and raiſed it higher than it had ever been in 
that univerſity. 


During the vacations of 1719 and 1721, he went to 
London with a view of improving himſelf, and of being in- 
troduced to the illuſtrious men there. In his firſt journey, 
beſides Dr. Hoadly then biſhop of Banger, Dr. Samuel 
Clarke, and ſeveral other eminent men, he became ac- 
quainted with Sir 1/aac Newton; whoſe friendſhip he ever 
after reckoned the greateſt honour and happineſs of his 
liſe. He was admitted a member of the Royal Society; 
two papers of his were inſerted in their tranſactions, and 
his book intitled Geometria Organica was publiſhed with the 
approbation of their preſident. | 


In his ſecond journey to Lenden in 1721, he became ac- 
quainted with Martin Folkes, Eſq; now preſident of the 
royal ſociety ; with whom he thence forth cultivated a moſt 
entire and unreſerved friendſhip, frequently interchanging 
letters with him, and communicating all his views and 
improvements in the ſciences. 


' 

In 1722, Lord Poltoarth, Plenipotentiary of the King 
of Great Britain at the congreſs of Cambray, engaged Mr, 
Maclaurin to go as tutor and companion to his eldeſt ſon, 
who was then to ſet out on his travels. 


After a ſhort ſtay at Paris, and viſiting ſome other 


towns in France, they fixed in Lorrain; where, beſides - 


the advantage of a good academy, they had that of the 
converſation of one of the moſt polite courts in Europe. 
Here Mr. Maclaurin gained the eſteem of the moſt diſtin- 
zuiſhed perſons of both ſexes, and at the ſame time quick- 
ly improved that eaſy gentee] behaviour which was natural 
to him, both from the temper of his mind, and from the 
advantages of a graceful perſon, , | 


It was here likewiſe that he wrote his piece on the per- 
cuſſion of bodies, which gained the prize of the Royal 
Academy of Sciences for 1724; the ſubſtance of this tract is 


inſerted in his Treatiſe of Filuxions, and alſo in Book II. 7 


Chap. 2. of the following work. 


Mr. 


of the AUTHOR. * 


Mr. Maclaurin and his pupil having quitted Lerrain, 


were got as far on their tour as the ſouthern provinces of 


France, when Mr. Hume was ſeized with a fever, and died 
at Montpelier. An event ſo ſhocking muſt have affected 
a heart leſs ſenſible and tender than Mr. Maclaurin's: in 
ſome letters written on this occaſion, he appears quite in- 
conſolable. His own grief for his pupil, his companion, 
and friend; and his ſympathy with a family to which he 
owed great obligations, and which had ſuffered an irrepa- 
rable loſs in the death of this hopeful young nobleman, 
rendered him altogether unhappy. Travelling and every 
thing elſe was become diſtaſteful, ſo he ſet out immediate- 
ly on his return to his profeſſion at Aberdeen. 


But being now univerſally diſtinguiſhed as one of the 
firſt genius's of the age, ſome of the curators of the uni- 
verſity of Edinburgh, were deſirous of engaging him to 


| ſupply the place of Mr. James Gregory, whoſe age and in- 


firmities had rendered him incapable of teaching. Several 
difficulties retarded this deſign for ſome time; particularly, 
the competition of a gentleman eminent for mathematical 
abilities, who had good intereſt with the patrons of the 
univerſity z and the want of an additional fund for the 
new profeſſor. But both theſe difficulties were got over, 
upon the receipt of two letters from Sir Iſaac Newton. 
In one, addreſſed to Mr. Maclaurin, with allowance to 
ſhew it to the patrons of the univerlity, Sir //aac expreſſes 
himſelf thus; I am very glad to hear that you have a 
* proſpect of being joined to Mr. James Gregory in the 


“ profeſſorſhip of the mathematics at Edinburgh, not 


only becauſe you are my friend, but principally becauſe 
<< of your abilities, you being acquainted as well with the 
« new improvements of mathematics, as with the former 
<< ſtate of thoſe ſciences; I heartily wiſh you good ſuc- 
<< ceſs, and ſhall be very glad of hearing of your being 
elected; I am, with all fincerity, your faithful friend 
and moſt humble ſervant.” 


In a ſecond letter to the then Lord Provoſt of Edin- 


burg h, which Mr. Maclaurin knew nothing of till fome 


years after Sir {/aac's death, he thus writes, I am glad 
to 
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to underſtand that Mr. Maclaurin is in good repute 
&« amongſt you for his fkill in mathematics, for J think he 
« deſerves it very well; and to ſatisfy you that I do not 
« flatter him, and alſo to encourage him to accept the 
<« place of aſſiſting Mr. Gregory, in order to ſucceed him, 
„ am ready (if you pleaſe to give me leave) to contri- 
& bute twenty pounds per annum towards a proviſion for 
&« him, till Mr. Gregory's place become void, if I live fo 
long, and I will pay it to his order in London.” 


In November 1725, he was introduced into the univer- 
ſity: as was at the ſame time his learned collegue and 
intimate friend, Dr. Alexander Monro, profeſſor of ana- 
tomy. After this the mathematical claſſes ſoon became 
very numerous, there being generally upwards of a hun- 
dred young gentlemen attending his lectures every year: 
who being of different ſtandings and proficiency, he was 
obliged to divide them into four or five claſſes, in each of 
which he employed a full hour every day, from the firſt of 
November to the firſt of Zune. 


In the firſt or loweſt claſs, (ſometimes divided into two) 
he taught the firſt ſix books of Euclid's Elements, plain 
trigonometry, practical geometry, the elements of forti- 
fication, and an introduction to algebra. The ſecond 
claſs ſtudied algebra, the 11th and 12th books of Euclid, 
ſpherical trigonometry, conic ſections, and the general 
principles of aſtronomy. The third claſs went on in 
aſtronomy and perſpeCtive, read a part of Sir Iſaac New- 
tons Principia, and had a courſe of experiments for il- 
luſtrating them, performed and explained to them. He 
afterwards read and demonſtrated the elements of fluxions : 
thoſe in the 4th claſs read a ſyſtem of fluxions, the doc- 
trine of chances, and the reſt of Newton's Principia. 


All Mr. Maclaurin's lectures on theſe different ſubjects 
were given with ſuch perſpicuity of method and language, 
that his demonſtrations ſeldom ſtood in need of repetition : 


- ſuch, however, was his anxiety for the improvement of 


his ſcholars, that if at any time they ſeemed not fully to 
comprehend his meaning, or if, upon examining them, 
he found they could not readily demonſtrate the propoſi- 

| tions 
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tions which he had proved, he was apt rather to ſuſpect 
his own expreſhons to have been obſcure, than their 
want of genius or attention ; and therefore would reſume 
the demonſtration in ſome other method, to try if, by 


expoſing it in a different light, he could give them a better 
view of it. 


Befides the labours of his public profeſſion, he had fre- 
quently many other employments and avocations. If an 
uncommon experiment was ſaid to have been made any 
where, the curious were deſirous of having it repeated by 
Mr. Maclaurin: if an eclipſe or comet was to be obſerved, 
his teleſcopes were always in readineſs. The ladies too 
would ſometimes be entertained with his experiments and 
obſervations ; and were ſurprized to find how eaſily and 
familiarly he could reſolve the queſtions they put to him. 
His advice and aſſiſtance, eſpecially to the young gentle- 
men who had been his pupils, was never wanting ; nor 
was admittance refuſed to any, except in his teaching 
hours, which were kept ſacred. His acquaintance and 
friendſhip was likewiſe courted by the ingenious of all 
ranks; who, by their fondneſs for his company, took up 
a great deal of his time, and left him not maſter of it, 
even in his country retirements, Notwithſtanding the ne- 
ceſſary labour and the many interruptions and avocations 
which he had, he continued to purſue his own ſtudies with 
the utmoſt affiduity, reading whatever was publiſhed, from 
which he could expect any information or improvement. 
But to have time for ſo much ſtudy and writing, be was 
obliged to take from the ordinary hours of fleep, what he 
beſtowed on his ſcholars and friends; and by this, no doubt, 
greatly impaired his health. 


Sir 1/Jaac Newton dying in the beginning of the year 
1728, his nephew Mr. Conduict propoſed to publiſh an 
account of his life, and deſired Mr. Maclaurin's aſſiſtance; 
who, out of gratitude to his great benefactor, chearfully 
undertook and ſoon finiſhed the hiſtory of the progreſs 
which philoſophy had made before Sir Iſaac's time, This 
was the firſt draught of the following work ; which was 
immediately ſent up to Londen, and had the approbation of 
ſome of the beſt judges. Dr, Rundle, in particular, af- 


terwards 
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terwards biſhop of Derry, was ſo pleaſed with the deſign, 
that he mentioned it to her late Majeſty ; who did it the 
honour of a reading, and expreſſed a deſire to ſee it pub- 
liſhed. But Mr. Conduitt 's death having prevented the 
execution of his part of the propoſed work, Mr. Mac- 
laurin's manuſcript was returned to him. To this he af- 
terwards added the more recent proofs and examples, given 
by himſelf or others, on the ſubjects treated of by Sir 12 
and left it in the ſtate in which it now appears. 


Mr. Maclaurin had lived a batchelor to the year 1733: 
but being formed for ſociety as well as for contemplation, 
and defirous of mixing more delicate and intereſting de- 
lights with thoſe of philoſophy, he married Anne, daugh- 
ter of Mr. Walter Stewart ſollicitor- general to his late 
. Majeſty for Scotland ; by whom he had ſeven children, of 
which, two ſons Jabn and Colin, and three daughters, * 
ſurvived him. | 


Dr. Berkley biſhop of Cloyne, having taken occaſion 
from ſome diſputes that had arifen concerning the grounds 
of the fluxionary method, in a treatiſe intitled the Analy/?, 
publiſhed in 1734, to explode the method itſelf, and, at 
the ſame time to charge mathematicians in general with 
infidelity in religion; Mr. Maclaurin found it neceſſary to 
vindicate his favourite ſtudy, and repel an accuſation in 
which he was moſt unjuſtly included, He began an 
anſwer to the biſhop's book ; but as he proceeded, ſo many 
diſcoveries, ſo many new theories and problems occurred to 
him, that, inſtead of a vindicatory pamphlet, his work 
came out a complete ſyſtem of fluxions, with their appli- 
cation to the moſt conſiderable problems in geometry and 
natural philoſophy. 


This work was publiſhed at Edinburgh in 1742, in two 
volumes in quarto ; in which we are at a loſs what moſt 
to admire, his ſolid and unexceptionable demonſtrations of 
the grounds of the method itſelf, or its application to ſuch 
2 variety of curious and uſeful problems. 


His 
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His demonſtrations had been, ſeveral years before, com- 
municated to Dr. Berkley, and Mr, Maclaurin had treated 
him with the greateſt perſonal reſpe& and civility : not- 
withſtanding which, in his pamphlet on tar-water, he 
renews the charge, as if nothing had been done; for 
this excellent reaſon, that different perſons had conceived 
and expreſſed the ſame thing in different ways. 


A ſociety having ſubſiſted ſome years at Edinburgh 
for improving medical knowledge, Mr. Maclaurin pro- 
poſed to have their plan made more extenſive, fo as to take 
in all the parts of phyſics, together with the antiquities 
of the country. This was readily agreed to; and Mr. 
Maclaurin's influence engaged ſeveral noblemen and gen- 
tlemen of the firſt rank and character, to join themſelves, 
for that purpoſe, to the members of the former ſociety. 
The Earl of Morton did them the honour to accept of the 
office of preſident ; Dr. Plammer profeſſor of chymiſtry, 
and Mr. Maclaurin were appointed ſecretaries ; and ſeveral 


gentlemen of diſtinction, Engliſh and foreigners, deſired to 
be admitted members. 


At the monthly meetings of the ſociety, Mr. Mac- 
laurin generally read ſome performance or obſervation of 
his own, or communicated the contents of his letters 
from foreign parts; by which means the ſociety was in- 
formed of every new diſcovery or improvement in the 


Several of the papers read befare this ſociefy, are printed 
in the 5th and 6th volumes of the Medical Eſſays. Some 
of them are likewiſe publiſhed in the Philoſophical Tranſ- 
actions, and Mr. Maclaurin had occaſion to inſert a great 
many more in his Treatiſe of Fluxions, and in his account 
of Sir Iſaac Newton's philoſophy. By which means the 
a ee of any volume of the works of the ſociety has 

n retarded : but we may hope their labours will {till be 
continued with ſucceſs, notwithſtanding the loſs they haye 
ſuſtained by Mr. Maclaurin's death, TD | 
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He likewiſe propoſed the building an aſtronomical ob- 
| ſervatory, and a convenient ſchool for experiments in the 
| univerſity ; of which he drew an elegant and well con- 
| 
| 
| 


trived plan: and as this work was to be carried on by 
private contributions, employed all his influence to raile 
| money for that purpoſe ; with ſo much ſucceſs, that bad 
l! not the unhappy diſorders of that country intervened, the 
| | fabrick might by this time have been far advanced. The 
60 Earls of Morton and Hoptoun ſhewed their liberality as 
5 well as their love of the ſciences, upon this occaſion; as 
Wh did the honourable Baron Clerk, vice-preſident of the ph:- 
loſophical ſociety : and ſeveral noblemen and gentlemen of- 
| fered to contribute what inſtruments of value they were 
I poſſeſſed of, as ſoon as the obſervatory ſhould be ready to 
| receive them. | ft 
| 


The Earl of Morton being to ſet out for Orkney and 
Shetland in 1739, to viſit his eftates there, wanted at the 
ſame time to ſettle the geography of theſe countries, which 
is very erroneous in all our maps; to examine their natu- 
ral hiſtory, to ſurvey the coaſts, and to take the meaſure 
of a degree of the meridian: and, for this purpoſe, deſired 
Mr. Meaclaurin's aſſiſtance. But his family affairs not per- 
mitting him to take ſuch a journey, he could do no more 
than draw a memorial of what he thought neceſſary to 
be obſerved, furniſh the proper inſtruments, and recom- 
mend Mr. Short, the famous optician, as a fit operator for 
managing them, | | Pers 


The account which he received of this vayage,, made 
him till more ſenſible of the erroneous geography we 
have of thoſe parts, by which many ſhipwrecks have been 
occaſioned ; and therefore he employed ſeveral of his fehg- 
lars, who were then ſettled in the northern counties, to 
ſarvey the coaſts, = 


The reverend Mr. Bryce compoſed from obſervations a 
map of the coaſt of Caithneſs and Strathnaver, with re- 
marks on the natural hiſtory and rarities of the country, 
together with directions for ſea-faring people. This map 
was preſented to the Philoſophical Sociaty at E W 
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and publiſhed by their order. The reverend Mr. Bonnar 
drew likewiſe a map of the three moſt northerly iſlands of 
Shetland, which is among Mr. Maclaurin's papers; and 
we expect ſoon the geography of the Orkneys correRed by 
Mr. Mackenzie. It was from obſervations like theſe, made 
by ſkilful perſons, and with the beſt inftruments, that Mr. 
Maclaurin expected to ſee a good mep of Scotland; not 
from the laviſh copying of map-ſellers, nor from a painful 
collecting, and patching together of old draughts and ſur- 
veys of little authority ; which he thought muſt contribute 
more to perpetuate than to rectify errors. 


Mr. Maclaurin had ſtill another ſcheme for the improve- 
ment of geography ar navigation, of a more extenſive 
nature. After reading all the accounts he could procure 
of voyages, both in the ſouth and north ſeas, he imagined 
the ſea was open all the way from Greenland to the ſouth 
ſea, by the north pole. Of this he was ſo much per- 
ſuaded, that he has been heard to fay, if his ſituation 
could admit of ſuch adventures, he would undertake the 
voyage even at his own charges, But when ſchemes, for 
finding out ſuch a paſſage, were laid before the parliament 
in 1744, and he was conſulted concerning them by ſeveral 
perſons of high rank and influence z before he could finiſh 
the memorials which he propoſed to have ſent, the præ- 
mium was limited to the diſcovery of a north-weſt paſſage, 
and Mr. Maclaurin uſed to regret that the word we/? was 
inſerted, becauſe he thought that paſſage, if at all to be 
found, muſt lie not far from the pole. 


Such was the zeal of this worthy perſon for the public 
good, in every inſtance; the laſt, and moſt remarkable, 
is that which we are now going to relate. 


When it was certainly known, in 1745, that the re- 


bels, after having got between Edinburgh and the King's 
troops, were continuing their march ſouthwards, Mr. 
Maclaurin was among the firſt to rouſe the ſriends of our 
happy conſtitution, from the unlucky ſecurity they had 
hitherto continued in: and tho' he was ſenſible that the 
city of Edinburgh, far from being able to ſtand the attack 
of a regular army, could not even hold out any conſi- 
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derable time againſt the undiſciplined and ill-armed force 
that was coming againſt it; yet, as he foreſaw of how 
much advantage it would be to the rebels, to get poſſeſſion 
of that capital ; and, the King's forces under the com- 
mand of Sir John Cope being daily expected; he made 
plans of the walls, propoſed the ſeveral trenches, barrt- 
cades, batteries, and ſuch other defences as he thought 
could be got ready before the arrival of the rebels, and by 
which, he hoped, the town might be kept till the King's 
forces ſhould come to its relief. The whole burden, not 
only of contriving, but alſo of overſceing the execution, 
of theſe haſty fortifications fell to Mr. Maclaurin's ſhare 
he was employed night and day, in making plans, and 
running from place to place; and the anxiety, fatigue, and 
cold to which he was thus expoſed; affecting a conſtitution 


naturally of weak nerves, laid the foundation of the diſeaſe 
of which he died. 


How this plan came to be neglected, and in what man- 
ner the rebels got poſſeſſion of the town, is not a proper 
enquiry for this place. They got poſſeſſion of it! and, 
their ſpirits being raiſed by this unaccountable ſucceſs, and 
by the ſupply of arms and proviſions which it gave them, 
they ſoon after defeated the King's troops at Preton. The 
moderation which they had affected before that unhappy 
battle was now laid aſide, and obedience was to be given 


to whatever proclamations or orders they thought fit to 


iſſue, under pain of military execution. Among other 
deſpotic orders, one was, commanding all who had been 
volunteers in defence of the town, before a ſtated time, 
to wait on their ſecretary of ſtate, to ſubſcribe a recanta- 
tion of what they had done, and a promiſe of ſubmiſſion 
to their pretended government, under the pain of being 
deeined and treated as rebels. Mr. Maclaurin had been 
too active and diſtinguiſhed a volunteer, to think he 
could eſcape the ſevereſt treatment, if he fell into their 
hands after neglecting to make the ſubmiſſion required; 
he therefore withdrew privately into England, before the 
lait day of receiving the ſubmiſſions ; but, previous to his 
eſcape, found means to convey a good teleſcope into the 


caſtle, and concerted a method of ſupplying the garriſon 
with proviſions. 


As 
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As ſoon as his Grace, Dr. Thomas Herring then Lord 
Archbiſhop of York, was informed that Mr. Maclaurin 
had fled to the north of England, he invited him in a moſt 
friendly and pelite manner, to reſide with him during his 
ſtay in that country. Mr. Maclaurin gladly accepted of 
the invitation, and ſoon after expreſſes himſelf thus in a 
letter to a friend; * Here (ſays he) I live as happily as a 
man can do, who is ignorant of the ſtate of his family, 
“ who ſees the ruin of his country.” His Grace, of 
whoſe merit and goodneſs, Mr. Maclaurin ever retained 
the higheſt ſentiments, afterwards kept a regular correſ- 
pondence with him; and when it was ſuſpected that the 
rebels might once more take poſſeſſion of Edinburgh, af- 
ter their retreat from England, invited his former gueſt 
again to take refuge with him. 


At York he had been obſerved to be more meagre than 
OY and with a ſickly look; though not being ap- 
prehenſive of any danger at that time, he did not call in 
the aſſiſtance of a phyſician : but having had a fall from 
his horſe on his journey ſouthward, and, when the rebel 
army marched into England, having on his return home 
been expoſed to moſt tempeltuous cold weather, upon his 
arrival he complained of being much out of order. In a 
little time his diſeaſe was diſcovered to be a dropſy of the 
belly, to remove which, variety of medicines, preſcribed 
by the moſt eminent phyſicians at London, as well as thoſe 
of Edinburgh, and three tappings, were uſed without. 
making a cure. 


His behaviour, during this tedious and painful diſtem- 
per, was ſuch as became a philoſopher and a chriſtian 3 
calm, chearful, and reſigned ; his ſenſes and judgment re- 
maining in their full vigour, till within a few houcs of his 
death. Then, for the firſt time, his amanuenſis to whom 
he was dictating the laſt chapter of the following work (in 
which he proves the wiſdom, the power, goodneſs, and 
other attributes of the Deity) obſerved ſome heſitation or 
repetition: no pulſe could then be felt in any part of his 
body, and his hands and feet were already cold. Not- 


withſtanding this extremely weak condition, be fate in his 
b 2 chair, 
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chair, and ſpoke to bis friend Dr. Manro with his uſual 
ſerenity and ſtrength of reaſon, deſiring the Doctor to ac- 
count for a phænomenon which he then obſerved in him - 
ſelf: flaſhes of fire ſeeming to dart from his eyes, while in 
the mean time his fight was failing, ſo that he ſcarce could 
diſtinguiſh one object from another. In a little time after 
this converſation, he deſired to be laid upon his bed; 
where, on Saturday the 14th of June, 1746, aged 48 
years and 4 months, he had an eaſy paſſage ſrom this world 
to that {tate of bliſs, which he had the moſt elevated ideas 
of, and which he moſt ardently longed to poſſeſs. 


The grief for the loſs of this excellent perſon was as 
general as the eſteem which he had acquired, with all 
ranks of men: but thoſe of greateſt worth, and who had 
moſt intimately known him, were the moſt deeply af- 
fected, Dr. Monro, in an oration ſpoken at the firſt 
meeting of the univerſity after Mr. Maclaurin's death 
(from which the ſubſtance of the foregoing account is 
taken) gives, particularly, a very moving picture of the 
grief of the late Lord Preſident Forbes, on this occaſion. 
A likeneſs of character, and a perfect harmony of ſenti- 
ments and views, had cloſely united them in their lives ; 
in their deaths, they were alas! too little divided : the pre- 
ſident likewiſe, worn out in the ſervice of his country, 
was ſoon to be the ſubject of a general mourning. 


In the ſame diſcourſe the Doctor ſhews, in a variety of 
inſtances, that acute parts and extenſive learning were, in 
Mr. aclaurin, but inferior qualities; that he was ftill 
more nobly diſtinguiſhed from the bulk of mankind, by 
the qualities of the heart; his ſincere love to God and 
Men, his univerſal benevolence and unaffected piety ; 
together with a warmth and conſtancy in his friendſhips, 
that was in a manner peculiar to himſelf. He profeſſes 
likewiſe, that after an intimacy with him for ſo many 
years, he had but half known his worth ; which then only 
diſcloſed itſelf in its full luſtre, when it came to ſuffer the 
ſevere teſt of that diſtreſeful ſituation, in which every man 
muſt at laſt find himſelf ; and which only minds prepared 


like his, armed with virtue and chriſtian hope, can bear 
with dignity, 2 
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But the bounds we are confined to, do not permit us to 
follow the profeſſor in this delightful track ; nor would the 
modeſty of Mr. Maclaurin's ſurviving friends bear with 
our being ſo particular. We muſt content ourſelves to 
conſider him in the character in which he was univerſally 
known; by giving a ſhort account of his works, and of 
the taſte and manner in which he cultivated the mathema- 
tical ſciences; purſuing with ſuch indefatigable pains, 
ſtudies that ſeem, to many, rather curious than uſeful, 


His firſt work, compoſed in his early youth, was the 
Geometria Organica, in which he treats of the deſcription 
of curve lines by continued motion. The firſt and ſim- 
pleſt of curyes is deſcribed by the motion of a right line 
on a plane, round one of its extremities. , Sir I/aac New- 
ton had ſhewn, that the Conic Sections might all be de- 
ſcribed by aſſuming two centres or poles in a plane, and 
moving round them two given angles, ſo as the interſection 
of two legs be always found in a ſtreight line, given in 
poſition in the ſame plane; for thus the interſection of the 
other two will trace ſome conic ſection. In a ſimilar way, 
he deſcribes ſuch lines of the third order, as have a double 
point, that 1s to ſay, which returning upon themſelves, 
paſs twice through the ſame point; but the deſcription of 
the far greater number of thoſe lines, which have no ſuch 
— Sir Jaac declares to be a problem of much more 
ificulty. This was reſerved for Mr. Maclaurin; who 


not only happily reſolved it, but carried the ſame method 


of deſcription much higher. By aſſuming more poles, or 
by moving the angular points along more lines given in 
poſition, or, laſtly, by carrying the interſections along 
curve lines, inſtead of ſtreight, he has extended, or given 
hints of extending, the method as far as it can go. And 
becauſe, by the motion of rulers actually combined, as 
the caſe requires, ſuch deſcriptions may be effected, he 
calls them by the general name of Organical. When he 
wrote this treatiſe, the ſubjects being new and entertain- 
ing, his invention in its prime, and the ardor of his curio- 
ſity continually urging him on to farther diſcoveries, he 
did not take time to finiſh every demonſtration in ſo ele- 


gant a manner as he might have done, His page, we 
b 3 mult 
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muſt own, is incumbered with algebraical calculations, 
and theſe have offended the delicate eyes of ſome critics; 
but, in anſwer to this, we may ſay that what offends 
them, may be very acceptable to younger ſtudents: nor 
indeed ſhould we at all have mentioned this blemiſh in fo 
great a work, if himſelf had not ſomewhere hinted at it, 
and, in a letter to one of his friends, expreſſed an inten- 
tion of reſuming, with his firſt leiſure, that whole theory, 
and adding to it a ſupplement ; the greateſt part of which 
had been printed ſeveral years ago, but whereof we have 
only an abſtract in the Philoſophical Tranſactions, Ne. 
439, In the ſame volume, he gives a new theory of the 
curves which may be derive} from any given curve, by 
conceiving, perpendiculars to its tangents to be drawn con- 
tinually through a given point, whoſe interſections with 
the tangents will form a new curve; from which laſt a 
third may be formed in the ſame manner, and ſo on in 
infiritum. "This furniſhes many curious theorems : there 
are likewiſe ſome propoſitions concerning centripetal forces 
and other ſubjects, which, with the quotations he uſes, 
ſhew the great progreſs he had already made in every part 
of mathematical learning, and how well acquainted he was 
with the writings of the beſt authors, 


We ſhall not here repeat what has been ſaid concerning 
his piece which gained the prize of the Royal! Academy of 
Sciences in 1724. In the year 1740, the Academy ad- 
Judged him a prize which did him ſtill more honour, for 
accounting for the motion of the Tides, from the theory 
of gravity ; a queſtion which had been given out the for- 
mer year, without receiving any ſolution. He happened 
to have only ten days time to draw up this paper, and 
could not find leifure to tranſcribe a fair copy, ſo that 
the Paris edition of it is incorret; but he afterwards 
reviſed the whole, and inſerted it in his Treatiſe of 
Fluxions. 


Nor need we mention the occaſions on which ſeveral 

ieces which he ſent to the Royal Society 

the following liſt will ſhew their dates, and the ſubjects 
treated of in them, 


I, 


were written: 
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1. Of the conſtruction and meaſure of curves, Phil. 
Tranſ. NY, 356, 5 


2. A new method of deſcribing all kinds of curves, No. 359. 


3. A Letter to Martin Folkes, Eſq; en equations with 
impoſſible roots, May, 1726. N. 394. 


4. ——— Continuation of the ſame, March 1729. 
Ne. 408, 
5. Decem. 21/, 1732. On the deſcription of curves; 
with an account 8 farther improvements, and a paper dated 
at Nancy, 27th Nov. 1722. N. 439. 


6. An account of the annular eclipſe of the ſun, at Edin- 
burgh, Feb. 18, 1736-7. N®. 447. 


7. An account of the Treatiſe of Fluxions, January 27th, 
1742-3. N. 467. 


1 8. ——— The ſame continued, March 101), 1742-3. 
0, 469. 


9. A rule for finding the meridional parts of a ſpheroid 
with the ſame exatineſs as of a ſphere, Auguſt 1741. Ns. 
461. 


10. o the baſes of the cells wherein the bees depoſit their 
honey, Novem. 3, 1743. Ne. 471. 


But the great work, on which he beſtowed the moſt 
labour, and which will for ever do him honour, is his Trea- 
tiſe of Fluxions, 


The occaſion of it was related above, namely, the ob- 
jections of ſome ingenious men againſt the doctrine of 
fluxions, on account of the different modes of explication 
which had been uſed by different authors. Nor can it be 
denied, that the terms infinite and infiniteſimal were be- 
come much too familiar to mathematicians, and had been 
abuſed both in arithmetic and geometry: At one time in- 

b 4 troducing 
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troducing and palliating real abſurdities, and, at others, 
giving theſe ſciences an affected myſterious air which does 
not belong to them. To remedy this growing evil, and 
for ever take away the handle which it gave to cavilling, 
Mr. Maclaurin found it neceſſary, in demonſtrating the 
principles of fluxions, to reject altogether thoſe excep- 
tionable terms, and to ſuppoſe no other than finite deter- 
minable quantities, ſuch as Euclid treats of in his geome- 
try ; nor to uſe any other form of demonſtration than 
what the antients had frequently uſed, and which had 
been allowed as ſtrictly concluſive from the firſt rife of 
the ſcience : by which means, he has ſecured this ad- 
mirable invention from all future attacks, and at the ſame 
time done juſtice to the accuracy of the great inventor, 
The work coſt him infinite pains ; but he did not grudge 
it: he thought that in proportion “ as the general me- 
6 thods are valuable, it is important that they be eſta- 
e bliſhed above all exception, and ſince they fave us ſo 
% much time and labour, we may allow the more for il- 
© luſtrating the methods themſelves *.“ 


To his demonſtrations of this dodtrine he has added 
many valuable improvements of it, and has happily ap- 
plied it to ſo many curious and uſeful. enquiries, that his 
work may be called a ſtorehouſe of mathematical learn- 
ing, rather than a treatiſe on one branch of it. The par- 
ti.ulars we need not erumerate, eſpecially as there is 
printed in the Philoſophical Tranfattions, N. 468, 469. 
a clear and methodical account of them; to which we 
refer the rcader. | 


Throughout this whole work, though not equally per- 
fect in all its parts, becauſe of the infinite extent of the 
field into which he was led, there appcars a very maſter- 
ly genius, and an uncommon addreſs. | 


An ordinary artiſt follows the firſt, not generally the 
beſt, road that preſents itſelf, and arrives perhaps at the 
ſolution of his problem ; but it will ſcarcely be either ele- 
gant or clear; one may ſee there is ſtill ſomething want- 


* Introd. to Fluxions, at the end. : 
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ing, the reſult being little more ſcientific than that of an 
arithmetical operation, where the given numbers and their 
relations have all diſappeared. This was not the caſe of 
Mr. Maclaurin; he had a quick comprehenſive view, 
taking in at once all the means of inveſtigation ; he could 
ſele& the fitteſt for his purpoſe, and apply them with ex- 
quiſite art and method. This is a faculty not to be ac- 
quired by exerciſe only ; we ought rather to call it a ſpe- 
cies of that taſte, the gift of nature, which in mathe- 
matics, as in other things; diſtinguiſhes excellence from 
mediocrity. 


We have in all Mr. Maclaurin's latter works, eſpe- 
cially in his treatiſe of fluxions, numberleſs inſtances of 
this addreſs: We need only inſtance in his reducing fo 
many ſolutions which uſed to be managed by the higher 
orders of fluxions to thoſe of an inferior order, and many 
of the queſtions concerning the maxima and minima, even 
ſome of the moſt difficult, to plane geometry. 


Theſe are all the writings which our author lived to 
publiſh ; ſince his deceaſe two volumes more have ap- 


peared, his treatiſe of Algebra, and this account of Sir 
Iſaac Newton's philoſophy. 


His Algebra, tho' it had not the advantage to be finiſhed 
by his own hand and publiſhed under his eye, is yet al- 
lowed to be excellent in its kind; containing, in no large 
volume, a complete elementary treatiſe of that ſcience, as 
far as it has hitherto been carried; all the moſt uſeful rules, 
which lie ſcattered in ſo many authors, being clearly laid 
down and demonſtrated, and in the order which he had 
found to be the beſt in a long courſe of methodical teach- 
ing. He is more ſparing, it is true, in the practical appli- 
cations than moſt other writers, but this was deſignedly; 
he was of opinion that many of thoſe applications deſerve 
to be treated of apart; and to have taken too much of 
them into his plan, would have been like disfiguring the 
elements of Euclid, by mixing with them the rules of 
practical geometry. To this work is ſubjoined, as a pro- 
per appendix, his Latin tract De Linearum Geometricarum 
Fraprietatibus generalibus, It is carefully printed from a 

manu- 
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manuſcript all written and corrected by the author's own 
hand ; and we need only add, that as it was among the laſt, 
ſo it appears to have been, in his own judgment, one of 
the beſt of his performances, « 


The account of Sir Jſaac Newton's philoſophy: lies now 
before the reader; who, by caſting his eye on the table of 
contents, may ſee the author's deſign and method; and in 
peruſing the work itſelf will not, we hope, find himſelf 
diſappointed, 


One queſtion however may be put, which it is proper 
for us to obviate. Why, in this account, Sir ſaac New- 
ton's grand diſcoveries concerning light and colours, are 
but tranſiently and in general touched upon ? To this it is 
anſwered, that our author's main deſign ſeems to have 
been to explain only thoſe parts of Sir aac's philoſophy 
that have been, and are ſtill, controverted. But it is 
known that, ever ſince the experiments, on which his 
doctrine of light and colours is founded, have been re- 
peated with due care, this doctrine has ſuffered no con- 
teſtation: Whereas his ſyſtem of the world, his account- 
ing for the celeſtial motions, and the other great appear- 
ances of nature, from gravity, is miſunderſtood and even 
ridiculed to this day: the weak charge of occult qualities 
has been frequently repeated; foreign profeſſors ſtill amuſe 
themſelves with imaginary triumphs; even the polite and 
ingenious Cardinal de Polignac is ſeduced to lend them the 
harmony of his numbers. 


It was proper therefore that theſe Gentlemen ſhould 
once more be told (and by Mr. Maclaurin) that their ob- 
jections are altogether out of ſeaſon; that the ſpectres 
they are daily combating are a creation of their own, no 
more related to Sir I/aac Newton's doctrines than obſerva- 
tion and experience are to occult qualities; that the fol- 
lowers of Sir //aac Newton will for ever aſſert their right 
to ſtop where they find they can get no farther upon fure 
ground; and to make uſe of a principle firmly eſtabliſhed 
in experience, adequate to all the purpoſes they apply it 
to, and in every application uniform and conſiſtent _ 

itſelf ; 


of the AUTHOR, xxĩ 


itſelf “; although they, perhaps, deſpair of tracing the 
ulterior cauſe of that principle. 


But beſides that Sir Iſaac Newton's treatiſe of optics 
wanted no defence, it may be ſaid likewiſe, that it ſcarce 
admits of an explication ; it is ſuch an abſolute maſter- 
piece of philoſophical writing, that it can as little be 
abridged as enlarged ; and we had better take all his expe- 
riments, illuſtrations and proofs in the words in which he 
has delivered them, than riſque the injuring them by a dif- 
ferent dreſs. As for the hints which he could not further 
purſue, and which he propoſes as queries ; Mr, Maclaurin 
had too ſound a judgment, and had too thoroughly im- 
bibed the genius and ſpirit of his great Mafter, to run 
away with them as materials for rearing doubtful theories : 
He "Ave them as he found them, till future diſcoveries can 
give them another name, 


Beſides his printed and more finiſhed works, Mr. Mac- 
laurin had by him a number of manuſcript papers, and 
imperfect eſſays on mathematical and other ſubjects. Theſe 
the increaſe of his diſtemper did not give him time to put 
in order, or to leave particular directions how they were 
to be diſpoſed of : He therefore intruſted them all toge- 
ther to the care of three gentlemen, in whoſe hands he 
knew they would be perfectly ſafe : his honoured friend 
Martin Folkes, Eſq; preſident of the royal ſociety ; An- 
drew Mitchell, Eſq; member of parliament for the ſhire of 
Aberdeen, who, he knew, would ſpare no pains to do 
Juſtice to the memory of a perſon whom he had ſo long, 
and ſo entirely, loved; and the reverend Mr. John Hill, 
chaplain to his grace the archbiſhop of Canterbury, with 
whom he had for ſome years cultivated a moſt intimate 
friendſhip. In conſequence of this truſt, theſe Gentlemen 
immediately ſet about publiſhing what Mr. Maclaurin had 
deſigned and prepared for the preſs ; his algebra, and the 
account of Sir 1ſaac Newton's philoſophy ; and becauſe 


* Of this we ſee a freſh inſtance in a /ecord admirable diſco- 

very of Dr. Bradley's; of a ſmall nutation of the earth's axis, 

from the motion of the nodes of the lunar orbit, be 
they 
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they could not take upon themſelves the immediate care of 
theſe editions, they appointed, for that purpoſe, a perſon 
whoſe regard for the author's memory was a ſure pledge 
of his utmoſt diligence. They likewiſe ſet on foot and 
ſollicited a ſubſcription for the following work; which the 
ſituation of Mr. Maclaurin's family made neceſſary. For 
not to mention, that the thoughts of a philoſopher are 
not much turned to the ſaving of money, nor is his curio- 
fity to be gratified but at a conſiderable expence, Mr. 
Maclaurin's liberality was greater than his fortune could 
well bear: it was not advice and recommendation onl 
that he furniſhed to young men, in whom he could diſco- 
ver a promiſing and virtuous diſpoſition; he often ſupplied 
them with money till his recommendations could take 
place. This however will not, we hope, upon the 
whole, be any loſs to his family; as it has been re- 
membred, and rewarded by the generous manner in 
which many gentlemen of worth have promoted this ſub- 
ſcription. 


If we now look back upon the numerous writings of 
our author, and the deep reſearches he had been engaged 
in, his patience and aſſiduity will be equally aſtoniſhing 
with his genius. To endeavour to account for it to a 
perſon who has not himſelf taſted the pleaſures of a con- 
templative mind, would be a vain attempt. Whoever 
has devoted himſelf to worldly views, or to the mere joys 
of ſenſe and imagination, muſt be a ſtranger to the charms 
of truth, naked, unportioned, and unadorned ; ſuch as 
Mr. Maclaurin courted her, through his whole life, with 
a moſt faithful and perſevering paſſion. Call his ſpecula- 
tions but a kind of luxury; it is however a higher and 
more refined luxury than other purſuits can furniſh : an 
exerciſe, in which the human faculties find themſelves 
the moſt rationally employed, and the moſt ſenſibl 
ſtrengthened and improved. At the ſame time, it beſt 


diſtinguiſhes the limits to which they are confined ; in- 


ſpiring that humility which belongs to man, and makes 
a principal part of true wiſdom, the knowledge of one's 
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How great an example Mr. Maclaurin was of this 
virtue, thoſe who had the happineſs of his acquaintance 
can teſtify, and his writings abundantly ſhew. The far- 
ther he advanced in the knowledge of geometry and of 
nature, the greater his averſion grew to perfect ſyſtems, 
hypotheſes, and dogmatizing ; without peeviſhly deſpiſing 
the attainments we can arrive at, or the uſes to which 
they ſerve, he ſaw there lay infinitely more beyond our 
reach; and uſed to call our higheſt diſcoveries but a dawn 
of knowledge, ſuited to our circumſtances and wants in 
this life; which, however, we ought thankfully to ac- 
quieſce in for the preſent, in hopes that it will be im- 
proved in a happier and more perfect ſtate. 


In weak and unexperienced minds, it is true, the ſtudy 
of mathematics has often wrought quite different effects: 
ſometimes an overweening and moſt ridiculous ſelf- 
conceit, with a contempt of all other ſtudies; at other 
times, a raſh confounding of the different kinds of evi- 
dence, and the different ſubjects to which they can be 
applied ; ſometimes, becauſe demonſtrative evidence is 
the moſt perfect, it has been taken for granted there is 
none other; or moral evidence, to bring it to the ſame 
level, has been diſguiſed in an awkward and diſadvan- 
tageous dreſs. But to oppoſe the ſingle example of Mr. 
Maclaurin to ſuch pretenders, will be a ſufficient cen- 
ſure of their abſurd conduct; and at the ſame time a ſuf- 
ficient anſwer to the unjuſt reproaches, which, on occa- 
ſion of theſe abuſes, have been thrown out againſt ma- 
thematicians. | 


It was not mental pleaſure and improvement only, 
that Mr. Maclaurin ſought in his favourite ſtucies ; he 
ſaw their great importance in all the arts of civil life, in 
aſſiſting (as my Lord Bacon expreſles it“) the powers of . 
man, and extending his dominion in nature. Whoſoever is 
the leaſt acquainted with the hiſtory or the preſent ſtate 
of trade and manufactures, is fully apprized that there 


® Nov. Organ. Lib. I. 
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is nothing great or beautiful, nothing convenient or ex- 
peditious, nothing univerſally beneficial, but wants their 
direction: nor are even the hints which accident throws 
in our way, to be improved to any tolerable purpoſe, 
without the help of Arithmetic and Geometry, 


To this view of general utility, Mr. Maclaurin had 
accommodated all his ſtudies ; and we find in many places 
of his works an application, even of the moſt abſtruſe 
theories, to the perfecting of mechanical arts. He had 
reſolved, for the fame purpoſe, to compoſe a courſe of 
practical mathematics, and to reſcue ſeveral uſeful 
branches of the ſcience, from the bad treatment the 
often meet with in leſs ſkilful hands. But all this his 
death has deprived us of; unleſs we would reckon as a 
part of his intended work, the tranſlation of Dr. David 
Gregery's practical geometry, which he reviſed and pub- 
liſhed, with additions, in the year 1745. 


In his life-time, however, he often had the pleaſure to 
ſerve his friends and country by his ſuperior ſkill, What- 
ever difficulty occurred concerning the conſtruction or 
perfecting of machines, the working of mines, the im- 
provement of manufactures, the conveying of water, or 
the execution of any other public work, Mr. Maclaurin 
was at hand to reſolve it. He was likewiſe employed to 
terminate ſome diſputes of conſequence, that had ariſen 
at Glaſgow concerning the gauging of veſſels; and for 
that purpoſe, preſented to the commiſſioners of exciſe 
two elaborate memorials, containing rules by which the 
officers now act, with their demonſtrations, 


But what muſt have given him a higher ſatisfaction 
than any thing elſe of this kind, was the calculations he 
made, relative to that wiſe and humane proviſion, which 


is now eſtabliſhed by law, for the children and widows 


of the Sc9ich clergy, and of the profeſſors in the univer- 
ſities ; entitling them to certain annuities and ſums, upon 
the voluntary annual payment of a certain ſum by the 
incumbent. In contriving and adjuſting the ſcheme, Mr. 
Maclaurin had beſtowed great labour; and the gentle- 

men 
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men who were appointed to ſollicite the affair at Zon- 
don, own that the authority of his name was of great 
uſe to them, for removing any doubts that were moved 
concerning the ſufficiency of the propoſed fund, or the 
due proportion of the ſums and annuities. 


To find himſelf thus eminently uſeful, even to late 
poſterity, muſt have been a delightful enjoyment. But 
what ſtill more endeared his ſtudies to him, was the uſe 
they are of in demonſtrating the Being and Attributes of 
the Almighty Creator, and eſtabliſhing the principles of 
natural religion on a ſolid foundation; equally ſecure 
againſt the idle ſophiſtry of Epicureans, and the dangerous 
refinements of modern metaphyſiciant. He agreed with the 
great Mr. Cotes *, in thinking that the knowledge of nature 
will ever be the firmeſt bulwark again/t Atheiſm, and con- 
ſequently the ſureſt foundation of true religion. This 
knowledge does more than excite mere wendering ; it inſpires 
love and adoration of the Creator, our reaſonable Service -. 
for it muſt be a ſuperficial view of nature, indeed, that 
ſuggeſts no relation, or duty, to Him in whom we live, 
move, and have our being, The argument from final 
cauſes, from the order and deſign that evidently ſhews it- 
ſelf throughout the univerſe, Mr. Maclaurin held to be 
the ſhorteſt and ſimpleſt of all others; and conſequently 
of moſt general uſe, and the beſt adapted to the human 
faculties : whereas metaphyſical deductions are to be a 
prehended but by the few, and are ever liable to be per- 
verted. So that altho' he could uſe them with as much 
ſubtlety and force as any man living, he choſe rather, in 
his converſation as well as his writings, to bring the diſ- 
pute to a ſhort iſſue in his own way. 


He was no leſs ſtrenuous in the defence of revealed re- 
ligion z which he would warmly undertake as often as it 
was attacked, either occaſionally in converſation, or in 
thoſe pernicious books which have brought the name of 
Free-thinker into diſgrace, and have ſo much contributed 
to ſpoil our taſte as well as our morals : and how firm his 


In Præfat. ad Newt, Principia. 
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own perſuaſion of it was, appeared from the ſupport it 
afforded him in his laſt hours. 


Such was the life of this eminent perſon ; ſpent in a 
courſe of laborious, yet not painful, ſtudy ; in continual- 
ly doing good to the utmoſt of his power : in improving 
curious and uſeful arts; and propagating truth, virtue, 
and religion amongſt mankind. He was taken from us at 
an age when he was capable of doing much more ; but 
has left an example which, we hope, will be long admired 
and imitated : till the revolution of human affairs puts an 
end to learning in theſe parts of the world; or the fickle- 
neſs of men, and their fatiety of the beſt things, have 
ſubſtituted for this philoſophy ſome empty form of falſe 
ſcience ; and, by the one or the other means, we are 


brought back to our original ſtate of barbariſm. 
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Of the method of þ Nn natural phileſopby, 
and the various ſyſtems of phil:ſophers. 
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A general view of Sir Iſaac Newton's method, and of 
his account of the ſyſtem of the world, 


1. O deſcribe the phenomena of nature, to ex- 
plain their cauſcs, to trace the relations 
and dependencies of thole cauſes, and to 

enquire into the whole conſtitution of the univerſe, 

is the buſineſs of natural philoſophy. A ſtrong cu- 
rioſity has prompted men in all times to ſtudy na- 
ture; every uſetul art has ſome connexion with this 
ſcience ; and the unexhauſted beauty and variety of 
things makes it ever agreeable, new, and ſurpriſing, 


But natural -philoſophy is ſubſervient to purpoſes 
of a higher kind, and 1s chiefly to be valued as it 
lays a ſure foundation for natural religion and moral 
philoſophy 3 by leading us, in a ſatisfactory manner, 
to the knowledge of the Author and Governor of 
the univerſe. To ſtudy nature 1s to ſearch into his 
workmanſhip : every new diſcovery opens to us a 
new part of his ſcheme. And while we ſtill meet, in 
our enquiries, with hints of greater things yet undiſ- 
covered, the mind is kept in a pleaſing expectation 
of making a further progreſs ; acquiring at the ſame 
time higher conceptions of that great Being, whoſe 
works are ſo various and hard to be comprehended. 
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Our views of nature, however imperfect, ſerve to 
repreſent to us, in the moſt ſenſible manner, that 
mighty power which prevails throughout, acting 
with a force and efficacy that appears to ſuffer no 
diminution from the greateſt diſtances of ſpace or 
intervals of time ; and that wiſdom which we ſee 
equally diſplayed in the exquiſite ſtructure and juſt 
motions of the greateſt and ſubtileſt parts. Theſe, 
with perfect goodneſs, by which they are evidently 
directed, . conſtitute the ſupreme object of the ſpecu- 
lations of a philoſopher ; who, while he contemplates 
and admires ſo excellent a ſyſtem, cannot but be him- 
felf excited and animated to correſpond with the ge- 
neral harmony of nature. 


In order to obtain thoſe great purpoſes, we muſt 
not proceed haſtily in our enquiries, but with the ut- 
moſt caution. Falſe ſchemes of natural philoſophy 
may lead to atheiſm, or ſuggeſt opinions, concern- 
ing the Deity and the univerſe, of moſt dangerous 
conſequence to mankind ; and have been frequently 
employed to ſupport ſuch opinions. We have the 
more reaſon to be on our guard, becauſe philoſo- 
phers have, on many occaſions, ſhown an unac- 
countable diſpoſition to give into extravagant fic- 
tions in their accounts of nature. A conſiderable 
party adopted, of old, that monſtrous ſyſtem, which, 
excluding the influences of a Deity *, attempted to 
explain the formation of the univerſe from the acci- 
dental play of atoms, and derived the ineffable 
beauty of things, even life and thought itſelf, from 
a lucky hit in the blind uproar. An horror at the 


dire effects of ſuperſtition may have induced them 


to have recourſe to a doctrine ſo oppoſite to com- 
mon ſenſe and reaſon ; but we have not even this 


* Lucret. de rerum natura, lib. I. v. 63, &c. 
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excuſe to offer in defence of ſome modern philoſo- 
phers of great name, who ſeem to have copied too 
much after thoſe maſters, in their mechanical accounts 
of the production of the material ſyſtem. 


While we guard againſt atheiſm and opinions that 
approach towards it, we ought likewiſe to beware of 
liſtening to ſuperſtition ; which diſcourages enquiries 
into nature, leſt, by having our views enlarged, we 
ſhould eſcape from her bonds, and our diſcoveries 
ſhould weaken ſome darling tenets. If thoſe tenets 
are true, they will rather be confirmed by our en- 
quiries; and if they are falſe, ſurely it is better 
they ſhould be detected, We may purſue truth 
ſteadily, ſecure that it will be always found conſiſtent 
with itſelf, and ſtands in no need of the jealouſies 
and dark ſuſpicions of the ſuperſtitious to ſupport it; 
in whoſe hands truth itſelf is apt to ſuffer, by the 
baſe alloy they mix with it, and by the deteſted 
means which they have too often employed to main» 
tain ſo incongruous an union. The philoſophers who 
have been — to ſo mean views, have never 
failed to expoſe themſelves to juſt ridicule, without 
doing ſervice to the cauſe which they eſpouſed. Coſ- 
mas Indopleuſies * of old, miſled by an injudicious 
zeal, compiled a ſyſtem of nature from ſome ex- 
preſſions in the ſacred writings ; which, againſt the 
conſtant and univerſal uſe of language, he would 
needs underſtand in the moſt literal and the very 
ſtricteſt ſenſe. 


The earth therefore, according to him, was not 
globular, but an immenſe plane of a greater length 
than breadth, environed by an unpaſſable ocean. 


* Fabrit. bibliotheca græca, vol. II. p. 609, c. where an 
account is given from Photius and others of this author, with a 
figure to illuſtrate his ſyſtem. | | 
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He placed a huge mountain towards the north, 


around which the ſun and ſtars performed their di- 
urnal revolutions; and from the conical ſhape which 
he aſcribed to it, with the oblique motion of the 
ſun, he accounted for the inequality of the days and 
the variation of the ſcaſons. The vault of heaven 
Jeaned upon the earth extended beyond the ocean, 
being likewiſe ſupported by two vaſt columns: be- 
neath the arch, angels conducted the ſtars in their 
various motions, Above it were the celeſtial waters, 
and above all he placed the ſupreme heavens. How- 
ever abſurd the conceits of this author, who wrote 
in darker times, may appear, we have a more inex- 
cuſable inſtance, in the laſt century, of the fame 
kind, in what Kircher calls his Ecſtatic Voyage to 
the Planets ; who, after many great diſcoveries had 
been made concerning the celeſtial bodies, produced 
nothing worthy * of fo noble a ſubject, or of his own 
extenſive learning and invention, having determined 
to make a ſacrifice of both to certain decrees of the 
church of Rome: he deſcends even ſo low as to 
adopt the folly or rather impiety, of aſtrologers, in 
deriving the good or evil that happens to man from 
the propitious or malignant influences of planets, 
True religion requires no ſuch ſacrifices z nor are its 
intereſts advanced by feigning philoſophical ſyſtems 
purpoſely to favour it : for when we afterwards find 


theſe to be ill-grounded, we may be in danger of 
falling into ſcepticiſm, 


An entire liberty muſt be allowed in our en- 
guiries, that natural philoſophy may become ſubſer- 
| b e 


® In the planet Venus, for example, he finds no other amuſe- 
ment hut to admire the limpid waters and beautiful cryſtals he 
found there ; and to ask the genie, his companion and guide, 


whether baptiſm with ſuch water would be valid. The feſt is 
of a piece with this, þ 
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vient to the moſt valuable purpoſes, and acquire all 
the certainty and perfection of which it is capable: 
but we ought not to abuſe this liberty by ſuppaſing 
inſtead of enquiring, and by imagining ſyſtems, in- 
ſtead of learning from obſervation and experience the 
true conſtitution of things. Speculative men, by the 
force of genius, may invent ſyſtems that will per- 
haps be greatly admired for a time; theſe, however, 
are phantoms which the force of truth will ſooner or 
later diſpell : and while we are pleaſed with the de- 
ceit, true philoſophy, with all the arts and improve- 
ments that depend upon it, ſuffers, The real ſtate 
of things eſcapes our obſervation : or, if it preſents 
itſelf to us, we are apt either to reject it wholly as 
fiction, or, by new efforts of a vain ingenuity, 
to interweave it with our own conceits, and labour 
to make it tally with our favourite ſchemes, Thus, 
by blending together parts ſo ill ſuited, he whole 
comes forth an abſurd compoſition of truth and 
error. 


Of the many difficulties that have ſtood in the 
way of philoſophy, this vanity perhaps has had the 
worſt effects. The love of the marvellous, and the 
prejudices of ſenſe, obſtructed the progreſs of na- 
tural knowledge; but experience and reflection ſoon 
taught men to examine and endeavour to correct 
theſe, Tho? philoſophers met with great diſcourage- 
ments in the dark and ſuperſtitious ages, learning 
flouriſhed, with liberty, in better times. The diſ- 
putes amongſt the ſects, more fond of victory than 
of truth, produced a talkative fort of philoſophy, 
and a vain oftentation of learning, that prevailed for 
a long time; but men could not be always diverted 
from purſuing after more real knowledge. Theſe 
have not done near ſo much harm, as that pride and 

B 4 ambition, 
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ambition, which has led philoſophers to think it be- 
neath them, to offer any thing leſs to the world than 
a complete and finiſhed ſyſtem of nature; and, in 
order to obtain this at once, to take the liberty of 
inventing certain principles and hypotheſes, from 


which they pretend to explain all her myſteries. 


2. Sir Iſaac Newton ſaw how extravagant ſuch 
attempts were, and therefore did not ſet out with 
any favourite principle or ſuppoſition, never propoſ- 
ing to himſelf the invention of a ſyſtem. He ſaw 
that it was neceſſary to conſult nature herſelf, to at- 
tend carefully to her manifeſt operations, and to 
extort her ſecrets from her by well choſen and re- 
peated experiments. He would admit no objections 
againſt plain experience from metaphyſical conſidera- 
tions, which, he ſaw, had often miſled philoſophers, 
and had ſeldom been of real uſe in their enquiries, 
He avoided preſumption, he had the neceſſary pa- 
tience as well as genius; and having kept ſteadily 
to the right path, he therefore ſucceeded. 


Experiments and obſervations, tis true, could not 
alone have carried him far in tracing the cauſes from 
their effects, and explaining the effects from their 
cauſes : a ſublime geometry was his guide in this 
nice and difficult enquiry. This is the inſtrument, 
by which alone the machinery of a work, made with 
ſo much art, could be unfolded ; and therefore he 
ſought to carry it to the greateſt height. Nor is it 
eaſy to diſcern, whether he has ſhewed greater ſkill, 
and been more ſucceſsful, in improving and per- 
fecting the inſtrument, or in applying it to uſe. He 
uſed to call his philoſophy experimental ptiloſophy, 
intimating, by the name, the eſſential difference 
there is betwixt it and thoſe ſyſtems that are the pro- 
duct of genius and invention only, Theſe __ not 
ong 


* 
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long ſubſiſt; but his philoſophy, being founded on 
experiment and demonſtration, cannot fail till reaſon 
or the nature of things are changed. 


In order to proceed with perfect ſecurity, and to 
put an end for ever to diſputes, he propoſed that, 
in our enquiries into nature, the methods of analy/is 
and fynthefis ſhould be both employed in a proper or- 
der; that we ſhould begin with the phænomena, or 
effects, and from them inveſtigate the powers or 
cauſes that operate in nature ; that, from particular 
cauſes, we ſhould proceed to the more general ones, 
till the argument end in the moſt general : this is 
the method of analyſis, Being once poſſeſt of theſe 
cauſes, we ſhould then deſcend in a contrary order; 
and from them, as eſtabliſhed principles, explain all 
the phænomena that are their conſequences, and 
prove our explications : and this is the ſyntheſis. It 
1s evident that, as in mathematics, ſo in natural 
philoſophy, the inveſtigation of difficult things by 
the method of analyſis ought ever to precede the 
method of compoſition, or the ſynthefis, For in any 
other way, we can never be ſure that we aſſume the 
principles which really obtain in nature; and that our 
ſyſtem, after we have compoſed it with great labour, 
is not mere dream and illuſion. 


By proceeding according to this method, he de- 
monſtrated from obſervations, analytically, that gra- 
vity is a general principle; from which he after- 
wards explained the ſyſtem of the world. By analy/is 
he diſcovered new and wonderful properties of light, 
and, from theſe, accounted for many curious phæno- 
mena in a ſynthetic way. But while he was thus de- 
monſtrating a great number of truths, he could not 
but meet with hints of many other things, that his 


ſagacity and diligent obſervation ſuggeſted to him, 
which 
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which he was not able to eſtabliſh with equal cer- 
tainty : and as theſe were not to be neglected, but 
to be ſeparated with care from the others, he there- 
fore collected them together, and propoſed them un- 
der the modeſt title of queries. 


By diſtinguiſhing theſe ſo carefully from each 
other, he has done the greateſt ſervice to this part 
of learning, and has ſecured his philoſophy againſt 
any hazard of being diſproved or weakened by fu- 
ture diſcoveries. He has taken care to give nothing 
for demonſtration but what muſt ever be found ſuch ; 
and having ſeparated from this what he owns is not 
ſo certain, he has opened matter for the enquiries of 
future ages, which may confirm and enlarge his 
doctrines, but can never refute them. He knew 
where to ſtop when experiments were wanting, and 
when the ſubtilty of nature carried things out of his 
reach : nor would he abuſe the great authority and 
reputation he had acquired, by delivering his opinion 
concerning theſe, otherwiſe than as matter of queſ- 
tion. It was long before he could be prevailed on to 
propoſe his opinion or conjectures concerning the 
cauſe of gravity ; and what he has ſaid of it, and of 
the other powers that act on the minute particles of 
matter, is delivered with a modeſty and diffidence 
ſeldom to be met with amongſt philoſophers of a leſs 
name. Nor do they act in a conformity with the 
ſpirit of this philoſophy who ſpeak dogmatically on 
theſe ſubjects, till a clearer light from new obſerva- 
tions and experiments brings them from the claſs of 
queries, and places them on the level of demon- 
ſtration. 


3. Such was the method of our incomparable phi- 
loſopher, whoſe caution and modeſty will ever do 
him the greateſt honour in the opinion of the un- 
prejudiced, 
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PHILOSOPHICAL DISCOVERIES, TI 


Chap. 1. 


prejudiced. But this ſtrict method of proceeding 


was not reliſhed by thoſe who had been accuſtomed 


to treat philoſophy in a very different way, and who 


ſaw that, by following it, they muſt give up their 
favourite ſyſtems. His obſervations and reaſonings 
were unexceptionable ; ſo, finding nothing to ob- 
ject to theſe, they endeavoured to leſſen the character 
of his philoſophy by general indirect inſinuations, 
and, ſometimes, by unjuſt calumnics. They pre- 
tended to find a reſemblance between his doctrines 
and the exploded tenets of the ſcholaſtic philoſophy. 


They triumphed mightily in treating gravity as an 


occult quality, becauſe he did not pretend to deduce 
this principle fully from its cauſe. His extending 
over all the ſyſtem a power which is ſo well known 
to us on the earth, and explaining by it the motions 
and influences of the celeſtial bodies, in the moſt ſa- 
tisfactory manner; and his determining the meaſures 
of the various motions that are conſequences of this 
power, by ſo ſkilful an application of geometry to 
nature; all theſe had no merit with ſuch philoſo- 
phers, becauſe he did not aſſign the mechanical 
cauſe of gravity. 1 know not that ever it was made 
an objection to the circulation of the blood that there 
is no ſmall difficulty in accounting for it mechani- 
cally ; for they who firſt extended gravity to air, 
vapour, and to all bodies round the earth, had their 
praiſe, though the cauſe of gravity was as obſcure as 

fore ; or rather appeared more myſterious, after 
they had ſhewn that there was no body found near 
the earth, exempt from gravity, that might be ſup- 
poſed to be its cauſe, Why then were his admirable 


diſcoveries, by which this principle was extended 
over the univerſe, ſo ill reliſned by ſome philoſo- 
Phers? The truth is, he had, with great evidence, 
overthrown the boaſted ſchemes by which they pre- 
tended to unravel all the myſteries of nature; __ 
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more beautiful than the moſt complete ſyſtems whic 
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the philoſophy he introduced, in place of them, 
carrying with it a ſincere confeſſion of our being far 
from a complete and perfect knowledge of it, could 
not pleaſe thoſe who had been accuſtomed to imagine 
themſelves poſſeſs*d of the eternal reaſons and pri- 
mary cauſes of all things. 


But to all ſuch as have juſt notions of the great 
author of the univerſe, and of his admirable work- 
manſhip, Sir I/aac Newton's caution and modeſty 
will recommend his philoſophy z and even the 
avowed imperfection of ſome parts of it will, to 
them, rather appear a conſequence of its conformity 
with nature. To ſuch, all complete and finiſhed 
ſyſtems muſt appear very ſuſpicious : they will not 
be ſurprized that refined ſpeculations, or even the 
labours of a few ages, are not ſufficient to unfold the 
whole conſtitution of things, and trace every phæno- 
menon through all the chain of cauſes to the firſt 
cauſe, Is the admirable progreſs which has been 
made in this arduous purſuit to be deſpiſed or ne- 
glected, becauſe more remains behind undiſcovered ? 
Surely we ought rather to rejoice that ſo much is 
opened to us of the conſummate art by which all 
things were made, and ought to be afraid to inter- 
mix with it our own extravagant conceits. 


The proceſſes of nature lie ſo deep, that, after all 
the pains we can take, much, perhaps, will remain 
undiſcovered beyond the reach of human art or ſkill. 


But this is no reaſon why we ſhould give ourſelves 


up to the belief of fictions, be they ever ſo inge- 
nious, inſtead of hearkening to the unerring voice 
of nature; for ſhe alone can guide us in her own 


labyrinths ; and it is a conſequence of her real beauty, 


that the leaſt part of true philoſophy is incomparabl 


have 
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have been the product of invention. This is parti- 
cularly true of Sir 1ſaac Newten's philoſophy; and 
we may compare it in this reſpect with thoſe celebrated 

ieces of Apelles, which, though they never received 
is laſt hand, were in greater admiration amongſt 
the ancients, than the moſt finiſhed pieces of other 
artiſts : and we wiſh poſterity may not find cauſe to 
ſay of this philoſophy what the ancients ſaid of thoſe 
pieces, Ipſum defectum ceſſiſſe in gloriam artificis, 
nec qui ſuccederet operi ad preſcripta lineamenta inven- 
tum fuiſſe. Plin. 


4. It was, however, no new thing that this phi- 
loſophy ſhould meet with oppoſition. All the uſeful 
diſcoveries that were made in former times, and 
particularly in the laſt century, had to ſtruggle with 
the prejudices of thoſe who had accuſtomed them- 
ſelves not ſo much as to think but in a certain ſyſte- 
matic way; who could not be prevailed on to aban- 
don their favourite ſchemes, while they were able ta 
imagine the leaſt pretext for continuing the diſpute : 
every art and talent was diſplayed to ſupport their 
falling cauſe ; no aid ſeemed foreign to them that 
could in any manner annoy their adverſary ; and 
ſuch often was their obſtinacy, that truth was able 
to make little progreſs, till they were ſucceeded by 


younger perſons who had not ſo ſtrongly imbibed 
their prejudices. | | | 


Sir Iſaac Newton had very early experience of this 
temper of philoſo; hers, and appears to have been 
diſcouraged by it. He had a particular averſion to 
diſputes, and was with difficulty induced to enter into 
any controverſy. The warm oppoſition his admi- 
rable diſcoveries in optics met with, in his youth, 
deprived the world of a full account of them for 
many years, till there appeared a greater diſpoſition 

among 
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among the learned to receive them; and induced 
him to retain other important inventions by him, 
from an apprehenſion of the diſputes in which a 
publication might involve him. He thus weighed 
the reaſons of things impartially and coolly, before 
a publication of them can be ſuſpected to have en- 
gaged him in their defence. It is well known how 
flow he was in publiſhing : and we cannot but ob- 
ferve that the temper and diſpoſition of mind, as 
well as the abilities of this great man, fitted him in 
a particular manner for penetrating far into nature. 
and unfolding her harmony. 


- Nor did his averſion to diſputes proceed from the 
love of quiet only, Philoſophy had been in high 
eſteem of old, but had loſt its antient luſtre from the 
endleſs idle janglings that had ariſen amongſt the 
ſects; and could never recover it while a faculty of 
inventing a ſyſtem readily, and defending it obſti- 
nately, were the admired talents of a philoſopher. 
While one age or ſect overturned for the moſt part 
the laborious productions of another, many of the 
wiſer ſort deſpaired of acquiring certainty in natural 
knowledge, and choſe rather to content themſelves 
with the general view of things, open to all men, 
than attach themſelves to ſchemes which produced 
no real fruit, and really led them farther from the truth, 
Our author therefore propoſed that all prejudices ſhould 
be laid aſide, and the genuine method of treating 
natural philoſophy, which we have deſcribed from. 
him, ſhould be cloſely followed. By his adhering 
to it himſelf, we are ſecure that truth and nature are 
on his ſide; and by following the excellent models 
which he has given us, we may be able to make 
farther advances. | 


Others have pretended to exſ lain the whole con- 
ſtitution of things by what they call clear ideas, and 


by 
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by mere abſtracted ſpeculations. They expreſs a 
contempt * for that knowledge of cauſes which is 
derived from the contemplation of their effects, and 
are unwilling to condeſcend to any other ſcience than 
that of effects from their cauſes. Therefore they 
ſer out from the firſt. cauſe ; and from their ideas of 
him pretend to unfold the whole chain, and to trace 
a complete ſcheme of his works. This 1s the philo- 
ſophy that ſtands in oppoſition to our author's to 
this day. It flatters human vanity ſo much, and ſets 
out in ſo pompous a manner, that they who attend 
not to the unex hauſtible variety of nature, and con- 
ſider not how unequal the human powers are to ſo 
arduous an undertaking, are deluded by its promiſes. 
It may be doubted if ſuch a philoſophy lies within 
the reach of any created being; and it ſeems to be 
very plain that it far ſurpaſſes the reach of men. 
But ſince many are devoted to this phantom, and 
uſe all their art to adorn, and recommend it to 
more admirers, it will be neceſſary for the ſervice of 
truth, that, while we proceed, we have in view like- 
wiſe the detection of this impoſture. 


5. The view of nature which is the immediate 
object of ſenſe is very imperfect, and of a ſmall 
extent; but by the aſſiſtance of art, and the help 
of our reaſon, is enlarged till it loſes itſelf in an in- 
finity on either hand, The immenſity of things on 


* Perſpicuum eſt optimam philoſophandi viam nos ſequuturos, 
h, ex iplius Dei cognitione, rerum ab eo creatarum explicatio- 
nem deducere conemur, ut ita ſcientiam perfectiſſimam, quæ eſt 
effectuum per cauſas, acquiramus. Cartes Princip. part. II. 
$ 22. Afterwards, having occaſion to ſpeak of the phænomena, 
he takes care to tell us, that he would not make uſe of them 
to prove any thing from them, becauſe he wanted to derive the 
knowledge of effects from their cauſes, and not recipracally 


that of the cauſes from their effects. Princip. part III. 
94, &c. 


the 
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the one ſide, and their minuteneſs on the other, 
carry them equally out of our reach, and conceal 
from us the far greater and more noble part of phy- 
ſical operations. As magnitude of every ſort, 4 
ſtractly conſidered, is capable of being increaſed to 
infinity, and is alſo diviſible without end; ſo we 
find that, in nature, the limits of the greateſt and 
leaſt dimenſions of things are actually placed at an 
immenle diſtance from each other. We can perceive 
no bounds of the vaſt expanſe in which natural cau- 
ſes operate, and can fix no border or termination of 
the univerſe; and we are equally at a loſs when 


to diſcover the limits which conclude the ſubdiviſions 
of matter. The objects which we commonly call 
great vaniſh when we contemplate the vaſt body of 
the earth; the terraqueous globe itſelf is ſoon loſt 
in the ſolar ſyſtem : in ſome parts it 1s ſeen as a 
diſtant Star, In great part it is unknown, or viſible 
only at rare times to vigilant obſervers, aſſiſted, 
perhaps, with an art like to that by which Galileo 
was enabled to diſcover ſo many new parts of the 
ſyſtem. The ſun itſelf dwindles into a ſtar; Sa- 
turn's vaſt orbit, and the orbits of all the comets, 
croud into a point, when viewed from numberleſs 

es between the earth and the neareſt fix*d ſtars. 
Other ſuns kindle light to illuminate other ſyſtems 
where our ſun's rays are unperceived ; but they alfo 
are ſwallowed up in the vaſt expanſe. Even all the 
ſyſtems of the ſtars that ſparkle in the cleareſt ſky 
muſt poſſeſs a ſmall corner only of that ſpace over 
which ſuch ſyſtems are diſperſed, ſince more ſtars 
are diſcovered in one conſtellation, by the teleſcope, 
than the naked eye perceives in the whole heavens “. 


® In the conſlellation of Orion, 2000 ſtars have been num 
bered by aſtronomers, 
After 
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After we have riſen ſo high, and left all definite 
meaſures ſo far behind us, we find ourlelves no 
nearer to a term or limit; for all this is nothing to 
what may be diſplayed in the infinite expanſe, bryond 
the remoteſt ſtars that cver have been diſcovered. 


If we deſcend in the ſcale of nature, towards the 
other limit, we find a like gradation from minute 
objects to others incomparably more ſubtile, and are 
led as far below ſenlible meaſures as we were before 
carried above them, by ſimilar ſteps that ſoon become 
hid to us in equal obſcurity, We have ground to 
believe that theſe ſubdiviſions of matter have a ter- 
mination, and that the elementary particles of bodies 
are ſolid and uncompounded, fo as to undergo no 
alteration in the various operations of nature or of 
art, But from microſcopical obſervations that diſ- 
cover animals, thouſands of which could ſcarce form 
a particle perceptible to the unaſtiſted ſenſe, each of 
which have their proper veſſels, and fluids circulating 
in thoſe veſſels ; from the propagation, nouriſhment 
and growth of thoſe animals; from the ſubtilty of 
the effluvia of bodies retaining their particular pro- 
perties after ſo prodigious a rarefaction; from many 
aſtoniſhing experiments of chymiſts; and eſpecially 
from the inconceivable minuteneſs of the particles 
of light, that find a paſſage equally in all directions 
through the pores of tran ſparent bodies, and from 
the contrary properties of the different ſides. of the 
ſame ray ; it appears, that the ſubdiviſions of the 
particles of bodies deſcend by a number of ſteps or 
degrees that ſurpaſſes all imagination, and that na- 
ture is unexhauſtible by us on every ſide. Nor is 
it in the magnitude of bodies only that this endleſs 
gradation is to be obſerved. Of motions, ſome are 


+ Newton's optics. Query 26. 
C performed 
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performed in moments of time; others are finiſhed 
in very long periods : fome are too flow, and others 
too ſwift, to be perceptible by us. The tracing the 
chain of cauſes is the molt noble purſuit of philoſo- 
phy; but we meet with no cauſe but what is, itſelf, 
to be conſidered as an effect, and are able to number 
but few links of the chain. In every kind of mag- 
nitude, there is a degree or ſort to which our ſenſe 
is proportion'd, the preception and knowledge of 
which is of greateſt uſe to mankind, The ſame is 
the ground-work of philoſophy * ; for tho? all forts 
and degrees are equally the object of philofophical 
ſpeculation ; yet it is from thoſe which are propor- 
tioned to ſenſe that a philoſopher muſt ſet out in his 
enquiries, aſcending or deſcending afterwards as his 
purſuits may require, He does well indeed to take 


If we were to examine more particularly the ſituation of 
man in nature, we ſhould find reaſon to conclude, perhaps, that 
it is well adapted to one of his faculties and inclinations, for 
extending his knowledge, in ſuch a manner as might be con- 
ſiſtent with other duties incumbent upon him; and that they 
have not judged rightly who have compared him in this reſpe& 
(Spinoz. Epilt. 15.) with the animalcules in the blood diſco- 
vered by microſcopes. He muſt be allowed to be the firſt be- 
ing that pertains to this globe, which, for any thing we know, 
may be as conſiderable (not in magnitude, but in more valuable 
reſpects) as any in the ſolar ſyſtem, which is itſelf, perhaps, not 
interior to any other ſyſtem in theſe parts of the vaſt expanſe. 
By occupying a lower place in nature, man might have more 
eaſily ſeen what paſſes amongſt the minute particles of matter, 
but he would have loſt more than he could have gained by this 
advantage. He would have been in no condition to inſtitute 
an analyſis of nature, in that eaſe. On the other hand, we 
doubt not but there are excellent reaſons, why he ſhould not 
have acceſs to the diſtant parts of the ſyſtem, and muſt be con- 
tented at preſent with a very imperfect knowledge of them. 
The duties incumbent upon him, as a member of ſociety, 
might have ſuffered by too great an attention to them, or com- 
munication with them. Had he been indulged in a correſpon- 
dence with the planets, he next would have deſired to pry in- 
to the ſtate of the fixed ſtars, and at length to comprehend in- 


finite ſpace. : 
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his views from many points of ſight, and ſupply the 
defects of ſenſe by a well regulated imagination; 
nor is he to be confined by any limit in ſpace or 
time: but as his knowledge of nature is founded on 
the obſervation of ſenſible things, he muſt begin 
with theſe, and muſt often return to them, to exa- 
mine his progreſs by them. Here 1s his ſecure 
hold; and as he ſets out from thence, ſo if he like- 
wiſe trace not often his ſteps backwards with cau- 
tion, he will be in hazard of loſing his way in the 
labyrinths of nature, 


6. From this ſhort view of nature, and of the 
ſituation of man, conſidered as a ſpectator of its 
phænomena and as an enquirer into its conſtitution, 
we may form ſome judgment of the project of thoſe, 
who, in compoſing their ſyſtems, begin at the ſum- 
mit of the ſcale, and then, by clear ideas, pretend 
to deſcend through all its ſteps with great pomp and 
facility, ſo as in one view to explain all things. 
The proceſſes in experimental philoſophy are carried 
on in a different manner : the beginnings are leſs 
lofty, but the ſcheme improves as we ariſe from 
particular obſervations, to more general and more 
Juſt views. It muſt be owned, indeed, that philo- 
ſophy would be perfect, if our view of nature, from 
the common objects of ſenſe, to the limits of the 
univerſe upwards, and to the elements of things 
downwards, was complete; and the powers or cau- 
ſes that operate in the whole were known. But if. 
we compare the extent of this ſcheme with the 
powers of mankind, we ſhall be obliged to allow 
the neceſſity of taking it in parts, and of proceed- 
ing with all the caution and care we are capable 
of, in enquiring into each part. When we perceive 
ſuch wonders, as naturaliſts have diſcovered, in the 
minuteſt objects, ſhall we pretend to deſcribe fo 
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eaſily the productions of infinite power in ſpace, 
that is at the ſame time infinitely extended and in- 
finitely diviſible ? Surely we may rather imagine, 
that in the whole, there will be matter for the MM 
enquiries and perpetual admiration of much more 
perfect beings. 


It is not therefore the buſineſs of philoſophy, in 
our preſent ſituation in the univerſe, to attempt to 
take in at once, in one view, the whole ſcheme of 
nature ; but to extend, with great care and circum- 
ſpection, our knowledge, by juſt ſteps, from ſen- 
ſible things, as far as our oblervations or reaſonings 
from them will carry us, in our enquiries concerning 
either the greater motions and operations of nature, 
or her more ſubtile and hidden works, In this way 
Sir IS AAC NewToN proceeded in his diſcoveries : 
he eſtabliſhed his account of the ſyſtem of the 
world upon the belt aſtronomical obſervations, on 
the one hand; and performed, himſelf, on the 
other, with the greateſt addreſs, the experiments by 
which he was enabled to pry into the more ſecret 
operations of nature, amongſt the minute particles 
of matter. On either f de he has extended our 
views very far, and has left valuable hints and in- 
timations of what yet lies involved in obſcurity, 


For thoſe purpoſes he has given us two incompa- 
rable treatiſes, the moſt perfect in their kind philo- 
ſophy has to boaſt of ; his mathematical Principles 
of Natural Philoſophy, and his Treatiſe of Optics. 
In the firſt, he deſcribes the ſyſtem of the world, 
and demonſtrates the powers which govern the ce- 
leſtial motions, and produce their mutual influences. 
Theſe are extended from the center of the ſun to 
the utmoſt altitude of the higheſt comet, and pro- 
bably to the fartheſt limits of the univerſe, Nor 
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are theſe new or abſtruſe principles, like to thoſe 
which never had a being but 1n the imagination of 
philoſophers, but the fame which are moſt familiar 
to mankind, and in common ule, farther extended 
and more accurately defined, In the ſecond, he 
treats of light, which, tho* the moſt potent agent 
in nature, that is ſenſible to us, acts only at the leaſt 
diſtances, His admirable diſcoveries, on this ſub- 
ject, led him to ſearch into the motions that are 
amongſt the minute particles of matter, the moſt 
abſtruſe of all natural phenomena. 


In the firſt, he had the obſervations of aſtrono- 
mers for many ages to build on, with valuable con- 
ſequences that nad been derived from them, by the 
laborious calculations of diligent and ingenious men. 
The conſtancy and regularity of the cele'lial motions 
had contributed, with the obſcrvations of ſome thou- 
ſands of years, to render aſtronomy the molt exact 
part of the hiſtory of nature; the doctrine of co- 
mers only excepted, The vaſt diſtances of the 
great bodies which compoſe the ſyſtem, from each 
other, rather favoured a juſt nah of the powers 
by which they act on one another; ſince by the 
oreatneſs of the diſtance, theſe muſt be reduced to 
a tew ſimple principles, and be the more eafily diſ- 
covered, In the ſecond treatiſe; he enquires into 
more hidden parts of nature, and had moſt of the 
phenomena themſelves to trace, as well as their 
cauſes, The ſubject is rather more nice and difficult, 
becauſe of the inconceivable minuteneſs of the a- 
gents, and the ſubtilty and quickneſs of the motions ; 
and the principles combined in producing the phre- 
nomena being more various, it could not be expected 
that they ſhould be fo caſily ſubjected to an analyſis. 
Hence it is that what he has delivered in the firſt 
(tho? ſtill capable of improvement) is more complete 
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and finiſhed in ſeveral reſpects; while his diſcoveries 
of the ſecond ſort are more aſtoniſhing, 


After having eſtabliſhed the principle of the uni- 
verſal Gravitation of Matter in the firſt treatiſe, 
when he is not able to demonſtrate the cauſes of the 
phznomena deſcribed in the ſecond more evidently, 
he endeavours to judge of them, by analogy, from 
what he had found in the greater motions of the 
ſyſtem; a way of reaſoning that 1s agreeable to the 
harmony of things, and to the old maxim aſcribed 
to Hermes *, and approved by the obſervation and 
judgment of the beſt philoſophers, «+ That what 
paſſes in the heavens above is ſimilar and analogous 
to what paſſes on earth below,” He had found 
that all bodies gravitated towards each other, by a 
power that acts on all their particles equally at equal 
diſtances, and increaſes according to a ſtated law 
when the diſtance is diminiſhed, From a like prin- 
ciple, acting at leſs diſtances, with greater vigour, 
and with more variety, but inſenſib'y at larger diſ- 
tances, he ſuſpected that the more abſtruſe phæno- 
mena of nature proceeded. It was a great matter 
in philoſophy to be ſecure of one general principle; 
and one was ſufficient for carrying on the regular 
motions of the heavenly bodies. A greater variety 
was neceſſary for conducting the different operations 
of nature in particular parts; and theſe being in- 
volved in ſome obſcurity, till better light ſhould 
appear, he could find no ſurer ground on which to 
found a judgment of them, than that principle he 
had already ſhewn to take place in nature. But be- 


A principle not unlike this is aſcribed to the Perſian and 
Chaldean magi, ovunaby tai re aww Tok xarw. Pſell. Decla- 
ratio dogmat. Chaldaic. Tho' this, as other maxims, was much 


abuſed in = reſs of time, when philoſophers degenerated from 


cauſe 
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cauſe we often find that phænomena, which, at 
firſt ſight, appear of a vcry different ſort, flow ne- 
vertheleſs from the ſame cauſe, and ſeveral ſuch 
cauſes are often reſolved, on farther enquiry, into 
one more general principle; the whole conſtitution 
of nature (notwithſtanding the variety of appearan- 
ces) manifeſtly leading to one ſupreme cauſe; this 
great philoſopher was hence induced, as well as from 
ſeveral obſervations he had made, to think that all 
theſe powers might proceed from one general inſtru- 
ment or agent, as various branches from one great 
ſtem, whoſe efficacy might be reſolved more imme- 
diately into the direction or influences of the ſove- 
reign cauſe that rules the univerſe, But he ſpeaks of 
this in the manner that became a philoſopher who 
had ſo much ſtudied nature, and knew how obſcure 
thoſe arduous parts of her ſcheme muſt be to us. 


7. As the moſt obvious views of the creation ſug- 
geſt to all men the perſuaſion of the being and 
government of a Deity ; ſo every diſcovery in natu- 
ral philoſophy enforces it: and with this improve- 
ment of his diſcoveries, this great man concludes 
both thoſe treatiſes. Nor 1s his philoſophy to be 
thought of little ſervice for this purpoſe, tho* he 
has not been able to explain fully the primary caules 
themſelves , | 


The great myſterious Being, who made and go- 
verns the whole ſyſtem, has ſet a part of the chain 
of cauſes in our view ; but we find that, as he him- 
ſelf is too high for our comprehenſion, ſo his more 
immediate inſtruments in the univerſe, are alſo in- 
volved in an obſcurity that philoſophy is not altfle to 
diſſipate z and thus our veneration for the ſupreme 
author is always increaſed, in proportion as we ad- 
vance in the knowledge of his works. As we ariſe 
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24 Sir IsAAc NEwToON's Book I. 
in phil ſophy towards the firſt cauſe, we obtain more 
extenſive views of the conſtitution of things, and 
ſee his influences more plainly. We perceive that 
we are approaching to him, from the ſimplicity 
and gencreliiy of the powers or laws we diſcover 3 
from the difficulty we find to account for them me- 
chanically z from the more and more complete beauty 
and contrivance, that appears to us in the ſcheme of 
his works as we advance ; and from the hints we 
obtain of greater things yet out of our reach : but 
ſtill we find.ourſelves at a diſtance from Him, the 
great ſource of all motion, power and efficacy; who, 
after all our enquiries, continues removed from us 
and veiled in darkneſs, He is not the object of ſenſe, 
his nature and eſſence are unfathomable; the more 
immediate inſtruments of his power and energy are 
but obſcurely known to us; the leaſt part of nature, 
when we endeayour to comprehend it, perplexes us 
even glace and time, of which our ideas ſeem to be 
fmple and clear, have enough in them to embaraſs 
thoſe who allow nothing to be beyond the reach of 
their faculties. Theſe things, however, do not hin- 
der but we may learn to form great and juſt concep- 
tions of him from his ſenſible works, where an art 
and {ki!] is expreſſed that is obvious to the moſt ſu- 
perficial ſpectator, ſurprizes the moſt experienced en- 
quirer, and many times ſurpaſſes the comprehenſion 
of the profoundeſt philoſopher. From what we are 
able to underſtand of nature, we may entertain the 
greater expectations of what will be diſcovered to us, 
if ever we ſhall be allowed to penetrate to the firſt 
cauſe himſelf, and ſee the whole ſcheme of his works 
as they are-really derived from him, when our im- 


perfect philoſophy ſhall be compleatcd. 
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HAP. H. 
1 Of the ſyſtems of the ancient philoſophers. 


6 Hoſe who have not imbibed the prejudices 

of philoſophers, are eaſily convinced that 
XZ natural knowledge is to be founded on experiment 
and obſervation. But there is a philoſophy that in- 
toxicates the mind, while it pretends to elevate and 
ſatisfy it, which teaches to deſpiſe the plain and ſo- 
ber way of truth. And it is no eaſy matter to deal 
with thoſe who have loſt themſelves in the dark 
ſchemes of an inviolable and univerſal neceſſity, or 
with thoſe who are ever dreaming themſelves poſſeſt 
of the eternal reaſons and primary cauſes of things. 
The leaſt ſhew of an argument in their own vi- 
ſionary way takes infinitely more with them, than 
the cleareſt evidence from fact or obſervation ; and 
ſo fond they appear of ſuch airy ſchemes, that they 
would chule rather to go on diſputing for ever, than 


condeſcend to acquielce in certainty obtained in a 
lower way, 


To an impartial enquirer, Sir Iſaac Newton's 
method, deſcribed in the laſt chapter, approves 
itſelf; and ſome ingenious men have been 
ſenſible of the neceſſity of following it, in former 
times, But the general practice of philoſo- 
Phers has been very different; and ſyſtems found- 
ed on abſtracted ſpeculations ſtill ſo much prevail, 
that it will be neceſſary for our purpoſe to ſhew, b 
a few obſervations on the hiſtory of learning, how 


vain and fruitleſs ſuch attempts have always 
proved, 


Theories 
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Theories of this kind have been invented, and 
amended again and again, with great labour and 
expence of thought; but ſtill when they came to 
compare them with nature, how wide has been the 
diff-rence ibi omnis effuſus labor. If we look back 
into the ſtate of philoſophy in the different ages, we 
ſhall learn from the hiſtory of every period, that as 
far as philoſophers conſulted nature, and proceeded 
on obſervation, they made ſome progreſs in true 
knowledge ; but as far as they pretended to carry 
on their ſchemes without this, they only multiplied 
diſputes, | 


The beginnings of learning, as of other things, 
are uncertain and obſcured with fables : we collect, 
however, from ſeveral teſtimonies, that the oldeſt 
and moſt celebrated philoſophers of Phænicia and 
Greece made a vacuum and atoms, and the gravity of 
atoms, the firſt principles of their philoſophy * ; 
whether theſe were ſuggeſted to them from their 
early obſervations of nature, before her plain ap- 
pearances were obſcured by the imaginary ſchemes 
and the diſputes of ſpeculative men, or were derived 
from ſome other origin. Afterwards various 
ſyſtems appeared, but ſome traces of thoſe antient 
principles are for a long time to be difcovered 
amongſt the doctrines of ſucceeding philoſophers, 
tho* interwoven with their own particular tenets 3 


* According to Pofidonius the ſtoick, as cited by Strabo and 
Sextus Empiricus, the doctrine of Atoms was more ancient than 
the times of the Trojan war, having been taught by Mo/chus a 
Phcenician, the ſame probably meant by 1amblichus, when he 
tells us that Pythagoras converſed at Sidon with the prophets, 
the ſucceſſors of Mochus the phyſiologer. In thoſe early times 
the characters of lawgiver and philoſopher were united, and this 
Mochus is luppoſed by many to have been the ſame with M/s 
the legiſlator of the Zexcs. 
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and what appears to be moſt uniform in the variety 
of their opinions ſeems to be derived from this 
ſource . The more ancient atomiſts ſeem to have 
taught that there were living ſubſtances alſo, which 
pre-exiſted before the union of the ſyſtems of thoſe 
elementary corpuſcles, and continued to exiſt after 
their diſſolution. They ſaw the neceſſity of admit- 
ing active as well as paſſive principles, life as well 
as mechaniſm, throughout the world P. But this 
entire and genuine philoſophy was diſmembered af- 
terwards, and from an affectation of ſimplicity, or 
for other reaſons, one ſort of permanent ſubſtance 
was thought ſufficient. One party retained the 
paſſive and ſluggiſh matter only, and from the for- 
tuitous concourſe of its corpuſcles pretended to ex- 

lain the formation of the univerſe. Others, more 
refined, aſcribed reality and permanency to active 
incorporeal ſubſtances chiefly, or only. And fo ſimi- 
lar were their diviſions and diſputes to thoſe of our 
own times, that a third fort ſeem to have rejected 
the reality of both, while they maintained that there 
was no ſtability of eſſence or knowledge any where 
to be found; that all being and knowledge was fan- 
taſtical and relative only ; that man was the meaſure 
of truth to himſelf in all things; and that every opi- 
nion or fancy of every one was true f. While one 
ſect thought that nothing was permanent, but that 
all things were in a continual flux or motion, and 


They taught that nothing was made out of nothing, that no 
ſubſtance is generated or deſtroyed, that colour and taſte are not 
in the objects, &c. which ſeem to be the genuine doctrines of 
this atomical philoſophy amongſt the Greeks. See Arifor. de 
anima, Lib. It. Cap. I. who aſcribes ſuch opinions to molt of the 
phyſiologers before his time. 

＋ See Dr. Cudworth's intellectual ſyſtem of the univerſe. 
Book I. Chap. I. 


T This was the doctrine of Protagoras the Abderite. Plat. 
Thætetus, &. | 
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others, that all things conſiſted of one immoveable 
and infinite eſſence, it is no wonder that their ſuc- 
ceſſors own ͤthemſclves at a loſs to underſtand their 
meaning . Oppoſition to each other ſeems to have 
driven them to extremes, and both aimed at too 
general and extenſive principles. 


As to the particular tenets of Thales, and his ſuc- 
ceſſors of the Tonic ſchool, the ſum of what we learn 
from the imperfect accounts we have of them is, 
that cach overthrew what *his predeceſſor had ad- 
vanced ; and met with the ſame treatment himſelf 
from his ſucceſſor. One of them is ſaid to have 
made water the principle of all things; another choſe 
air; a third fire; a fourth preferred earth; and ſome 
took them all in, and made theſe four the elements 
or principles of things. So early did the paſſion for 
ſyſtems begin, and diſputes in conſequence of ſuch 
precipitancy were unavoidable. 


2. In the time of this uncertainty amongſt the phy- 
fiologers (for ſuch all the more anti-nt philoſophers 
were) Socrates appeared in the v orld. A ſublimity 
of genius, a ſimplicity of manners, a particular ta- 
lent of inveſtigating truth and expoſing error, diſ- 
tinguiſhed this great man. In his youth he applied 
himſelf, as his predeceſſors had done, to natural 
knowledge, and endeavoured to reduce it to a me- 
thod and principles. But after examining their ſchemes 
without receiving any ſatisfaction from them, he 
was too ſincere a lover of truth, and too juſt to man- 
kind, to attempt to invent one of his own, or to 
diſſemble his 1gnorance of nature, He ſaw that 
imaginary knowledge was the greateſt obſtruction to 
true ſcience, and made thoſe who were pulied up 
with it very troubleſome to the lovers of ſolid learn- 

i Plat. Thee tet. 


ing. 
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ing. He therefore took every occaſion to expoſe it, 
and had a happy talent in ridiculing the. vanity of 
the ſophiſts ot thoſe times, who pretended to know 
all things. The oracle on a certain occaſion had 
declared him the wiſeſt of men; and this preference 
he explained, with his uſual modeſty, to be owing 
to this only, that while others vainly imagined they 
knew what they were indeed ignorant of, he knew 
this one thing more than they, “that he knew 
nothing.” 
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After many other fruitleſs attempts he had made 
in his youth * to fee into the cauſes of things, hap- 
pening to hear that Auaxagoras taught that all things 
were governed by a ſupreme mind, and being mightt- 
ly pl:aſed with this principle, he had recourſe to his 
writings ; full of expectation to ſee the whole ſcheme 
of nature explained from the perfect wiſdom of an 
all-governing mind, and to have all his doubts 
about the-pertection of the univerſe ſatisfied. But 
he was much diſappointed, when he found that 
Anaxagoras made no uſe of this ſovereign mind in 
his explications of nature, and referred nothing to 
the order and perfection of the univerſe as its 
reaſon; but introduced certain aereal, ethereal and 
aqueous powers, and ſuch incredible principles for 
the cauſes of things. Upon the whole, Socrates 
found that this account of nature was no more ſa- 
tisfactory, than if one who undertook to account for 
all the actions of Socrates, ſhould begin with tell- 
ing that Socrates was acted by a principle of thought 
and deſign; and pretending to explain how he came 
to be ſitting in priſon at that time, when he was 
condemned to die by the unjuſt and ungrateful 
Athentans, he ſhould acquaint us that the body of 
Socrates conſiſted of bones and muſcles, that the 
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bones were ſolid and had their articulations, while 
the muſcles were capable of being contracted and 
extended, by which he was enabled to move his 
body and put himſelf in a ſitting poſture ; and after 
adding an explication of the nature of ſound, and 
of the organs of his voice, he ſhould boaſt at length 
that he had thus accounted for Socrates's ſitting and 
converſing with his friends in priſon ; without taking 
notice of the decree of the Athenians, and that he 
himſelf thought it was more juſt and becoming to 
wait patiently for the execution of their ſentence, 
than eſcape to Megara or Thebes, there to live in 
exile, © *Tis true, ſays he, that without bones and 
e nerves I ſhould not be able to perform any action 
in life, but it would be an unaccountable way of 


« ſpeaking to aſſign thoſe for the reaſons of my ac- 


<« tions, while my mind is influenced by the appear- 
c ance of what is beſs.”? 


J have taken notice of this paſſage the rather, 
becauſe it ſnews how eſſential the greateſt and beſt 
philoſophers have thought the conſideration of final 
cauſes to be to true philoſophy; without which it 
wants the greateſt beauty, perfection and uſe. It gave 
a particular pleaſure to Sir Jaac Newton to ſee that 
his philoſophy had contributed to promote an atten- 
tion to them (as I have heard him ot-.:rve) after 
Des Cartes and others had endeavoured to baniſh 
them. It is ſurprizing that this author ſhould repre- 


ſent it as greater preſumption in us“ to aim at the 


* Princip, Part I. F 28. Nullas unquam rationes circa res na- 
turales a fine, quem Deus aut natura in iis faciendis fibi propo- 
ſuit, deſumemus ; quia non tantum debemus nobis arrogare ut 
ejus conſiliorum participes nos eſſe putemus ; ſed ipſum ut cauſam 
efficientem rerum omnium conſiderantes, videbimus quidnam, 
ex iis ejus attributis quorum nos nonnullam notitiam voluit ha- 
bere, circa illos ejus effectus, qui ſenſibus noſtris apparent, 
lumen naturale quod nobis indidit concludendum eſſe oſtendat. 
| knowledge 
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knowledge of final cauſes, than to attempt to derive 
a complete ſyſtem of the univerſe from the nature 
of the Deity, conſidered as the ſupreme efficient 
cauſe, or, after diſcarding mental and final cauſality, 
to reſolve all into mechaniſm and metaphyſical or 
material neceſſity. Surely this is the fort of cauſes 
that is moſt clearly placed in our view; and we can- 
not comprehend why it ſhould be thought arrogant 
in us, to attend to the deſign and contrivance that is 
X ſo evidently diſplayed in nature, and obvious to all 
men; to maintain, for inſtance, that the eye was 
made for ſeeing, tho* we may not be able either to 
account mechanically for the refraction of light in 
the coats of the eye, or to explain how the image is 
propagated from the retina to the mind, 
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Socrates, finding all dark and uncertain in the va- 
rious ſyſtems of his predeceſſors, was ſatisfied that it 
was better to reſt contented with the general view of 
nature open to all, than adopt any one of them; 
and having applied himſelf to promote the practice 
as well as the theory of moral philoſophy amongſt 
his fellow citizens, by his example and precepts, he 
merited the higheſt eſteem and admiration of man- 
kind *. Plato, however, and his followers, being 
ſenſible of the influence which natural knowledge 


* See Aul. Gellius, Lib. 6. ch. 10. where an extraordinary 
inſtance of this is given from Taurus a Platonic philoſopher. 
The 4:benians, upon ſome difference with the inhabitants of 
Megara made it capital for any of them to enter Athens. Eu- 
clid of Megara, after this edi, uſed to diſguiſe himſelf as a 
woman, and travel twenty miles in the night to hear Socrates. 
Whence Taurus takes occaſion to lament how much philoſophy 
was ſunk in eſteem in his time. Now, ſays he, we ſee philoſo- 
Phers run of their own accord to attend at the gates of the youn 
and rich, and there fit waiting to noon till their diſciples have 
flepr out their laſt night's debauch. Diogenes Laeriius, however, 


ſpeaks of ſtrang er who came to 4thers and found fault- with 
Socrates in ſome things. 
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mult have on the moſt important truths, returned to 
it. The beauty of the univerſe was the favourite 
ſubject of the Platoniſts ; and they uſed to recom- 
mend the contemplation and imitation of its regular 
and coriſtant motions, by the practice of virtue, as 
the beſt means to recover their antient conformity 
with it in a prior ſtate, and to become worthy of 
returning to the ſame ſtate again. While a ſect of 
the Atomiſts reſolved all things into the motions and 
modifications of matter, Plato ſtrove to raiſe the 
thoughts of men above the objects of ſenſe, and 
zealouſly maintained the pre-eminence of active, in- 
corporeal and intellectual beings. Theſe, according 
to him, are the true ſubſtances, the other the ſha- 
dows; which laſt only, thoſe groſs philoſophers 
could perceive; as he who has his back towards the 
light ſees it not, or the bodies placed betwixt him 
and it, but the images projected from them only *, 
He ſpeaks, however, ſometimes of the inſenſible 
particles of bodies, which can only be perceived by 
the mind and underſtanding, aſcribing different fi- 
gures to them in the ſtyle of the atomical philo- 
ſophy T. If he carried his fondneſs for his ideas too 
far, we muſt own, at leaſt, that he erred on the moſt 
innocent ſide of the queſtion, in oppoſition to the 
dangerous doctrines of Democritus and others. But 


however laudable the views of this amiable philoſo-. 


pher may have been, ſurely the unintelligible my- 
{tical doctrines of ſome of his followers t ought to 
admoniſh us to be on our guard againſt exceſſes, 
even in a good cauſc. 


* Plato de republica, Lib. 7. 10. 

+ Plat. Timæus. 

4 It were unneceſſary to cite here inſtarces of the moſl pro- 
found mylticiſm from Plotinus and other platoniſts. 
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3. In the mean time the followers of Pythagoras 
flouriſhed in 1taly, and taught a philoſophy that does 
not appear to have been ſo much the reſult of their 
own obſervations, as to have been tranſplanted from 
the caſt by their great maſter z who ſpent two and 
twenty years in thoſe parts, and ſcrupled not to com- 
ply with the cuſtoms * molt peculiar to the caſtern 
nations, in order to obtain the freer acceſs to their 
learned men. And as he was a man of extraordi- 
nary qualities and at the moſt pains, ſo he ſeems to 
have been the moſt ſucceſstul of the ancients in get- 
ting acquainted with their philoſophy. We find 
that his followers taught the true account of the 
planetary motions, particularly that tie carth moved 
daily on its own axis, and revolved annually round 
the ſun; and gave the ſame account of the comets 
which is agreeable to modern diſcoveries 7. They 
alſo taught that every ſtar was a world , and that 
each of them had ſomething correſponding to our 
earth, air, and water, in the vaſt expanſe. The 
moon particularly, according to them, was inhabited 
by larger and more beautiful animals than this globe. 
We find ſome hints concerning the gravitation of 
celeſtial bodies, in what is related of the doctrines of 
Thales and his ſucceſſors : but Pythagoras ſeems to 
have been better acquainted with it, and is ſuppoſed 
to have had a view to it, in what he taught con- 
cerning the harmony of the ſpheres 5. 


% 


* He was circumciſed in Egypt after the manner of the prieſts 
of that country, and is ſaid to have been the moſt graceful perſon 
of his time. Clem. Alexandr. Strom. Lib. I. 

f 4rifot, Meteorol. Lib. I. cap. 6. Plutarch. de placitis 
Philoſoph. Lib. III. cap. 2. 

1 Ibid. cap. 13, & zo. 

Pan. Lib. II. cap 22. Macrob. in ſomnium Scip. Lib, IT. 
cap. 1. See alſo Pluta;t5 de animal. procreatione, & Timæo. 
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A muſical chord gives the ſame notes as one dou- 
| ble in length, when the tenſion or force with which 
b the latter is ſtretched is quadruple : and the gravity 
of a planet is quadruple of the gravity of a planet 
at a double diſtance. In general, that any muſical , 
chord may become uniſon to a leſſer chord of the 
ſame kind, its tenſion muſt be increaſed in the ſame 
proportion as the ſquare of its length is greater; and 
that the gravity of a planet may become equal to the 
gravity of another planet nearer to the ſun, it muſt 
3 be increaſed in proportion as the ſquare of its dif- 
© tance from the ſun is greater, If therefore we ſhould 
j ſuppoſe muſical chords extended from the ſun to 
$3 each planet, that all theſe chords might become uni- 
1 ſon, it would be requiſite to increaſe or diminiſh 
1 their tenſions in the ſame proportions as would be 
'ik ſufficient to render the gravitics of the. planets equal. 
. And from the ſimilitude of thoſe proportions, the 
5 celebrated doctrine of the harmony of the ſpheres is 
i ſuppoſed to have been derived, 


1 
9 
' 
\ 
C 
\ 
* 
' 
* 
. 
* 
* 
* 
* 
1 
1 
- 
- 
7 
= 
i 
i 
n * 
. 
995 
# 
* 
4 
1 
* 


| 
| 


— — 


AC...” 
S * 


— - 


OY ECT — —„— 
— — 


— © — — 
2 —— — — — 


As theſe doctrines of the Pytbagoreans, concern - 
ing the diurnal and annual motions of the earth, the 
revolutions of the comets, the inhabitants of the 
moon and ſtars, and the harmony of the ſpheres, 
are very remote from the ſuggeſtions of ſenſe, and 
oppoſite to vulgar prejudices z ſo we cannot but ſup- 
poſe that they who firſt diſcovered them muſt have 
made a very conſiderable progreſs in aſtronomy and 
natural philoſophy. It is no eaſy matter to perſuade 
a perſon unacquainted with the true theory of mo- 
tion, that the earth, which of all things in nature 
appears to be moſt fixed and ſtable, is carried on in 
ſuch a manner, and with ſo much rapidity, in the 
expanſe, To be ſatisfied of theſe doctrines, ſo as 


to reckon the earth amongſt the ſtars, and GO 
b t 
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the ſtars as ſo many worlds, one muſt have got over 
many difficulties from ſenſe as well as from the reli- 
gious prejudices that prevailed in thoſe days When 
therefore we find the accounts of them given by the 
Greeks to be very imperfect, mixed with errors and 
miſrepreſentations, it ſeems reaſonable to ſuppoſe 
that they had ſome hints of them only trom ſome 
more knowing nations who had made greater advan- 
ces in philoſophy ; and that they were able to de- 
ſcribe them perhaps not much better than we may 
imagine an ingenious Indian, after paſſing ſome years 
in Europe, and having had ſome acceſs to learned 
men, would repreſent our ſyſtems to his countrymen 
after his return. Hence it was that the Pythagoreans 
do not ſeem to have been in a condition to defend 
their doctrines, tho* true; and Ariſtotle refutes them 
with the appearance of reaſon on his ſide, What 
he ſays of their ſyſtem ſhews that either it was not 
deſcribed rightly by them, or that he miſunderſtood 
them, We are told that they taught that there was 
an earth oppoſite to our earth, and ſeveral other 
bodies revolving about the ſun which were concealed 
from us by the earih and that from this they ex- 
plained why there were more eclipſes of the moon 
than of the ſun . On this occaſion he urges againſt 
them a complai it, for which philoſophers have too 
often given ground, That inſtead of ſuiting their 
„% philoſophy to nature, they had miſrepreſented the 
* phænomena, that they might appear conformable 
© to their own ſuppoſitions.” But had he been 


De ccelo, lib. II. cap. 15. We may be the leſs ſurprized 
that the Greeks had ſo imperfect accounts of the eaſtern learning, 
if it be true that ſome of the moſt noted amongſt their philoſo- 
phers, travelled into Egypt from a very different view than ac- 
quiring their philoſophy. Plato's chief view is ſaid to have been 
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better acquainted with the phænomena and this ſy{- 


tem, he had formed a better judgment of it, 


At this time geometry was in high eſteem. We 
have reaſon to think that the fondneſs of the Pytha- 
goreans and Platoniſts for it ſometimes miſled them, 
by inducing them to derive the myſteries of nature 
from ſuch analogies of figures and numbers as are 
not only unintelligible to us, but in ſome caſes ſeem 
not capable of any juſt explication. The uſe they 
made of the five regular ſolids in philoſophy is a re- 
markable inſtance of this, and muſt have been a very 
important part of their ſcheme, it we may depend 
upon the antient commentators on Euclid; who tell 
us that he was a platonic philoſopher, and compoſed 
his excellent elements for the ſake of this doctrine. 
But as it is a matter of pure ſpeculation, we cannot 
conceive that there can be any analogy between it 
and the conſtitution of nature ; and they have not 
been ſucceſsful who have of late endeavoured to ex- 
plain this analogy ; as we ſhall have occaſion to ſhew 
afterwards, when we come to give ſome account of 
Kepler's diſcoveries. Nor is this the only inſtance, 
where a purſuit of analogies and harmonies has led 
us into error, in philoſophy. Geometry can be of 


little uſe in it till data are collected to build on, and 


Lord Verulam has juſtly obſerved, Mathe/in philoſo- 
Pbiam naturalem terminare debere, non generare aut 
Procreare. 


4. From Ariſtotle's philoſophy we may learn, that 
the greateſt penetration, without other helps, will 
ever be of leſs ſervice in enquiries into nature, than 
in metaphyſics and dialectics; where the force of 
genius may indeed atchieve wonders. Inſtead of the 
more antient ſyſtems, he introduced matter, form, 
and privation as the principles of all things: yy it 

OCg 
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does not appear that this doctrine was of great uſe 
to him in natural philoſophy. He ſurpaſſed all the 
other philoſophers, in ſtating the diviſions and defi- 
nitions relating to his ſubjects, with peculiar accu- 
racy ; yet ſome of his doctrines are ſo obſcurely 
expreſſed, according to the confeſſion of his moſt 
devoted diſciples, that tho? they took the utmoſt 
pains to diſcover his meaning (and ſome of them, 
as is reported, in a very extraordinary manner) they 
were not able to penetrate into it; and it is diiputed 
to this day what were his ſentiments on ſome of the 
moſt important ſubjects. 


He was enabled by the liberality of his pupil 
Alexander to make vaſt collections relating to the 
hiſtory of nature, at an immenſe expence, which 
have been often copied by natural hiſtorians ſince *. 
But in his general and theoretical writings concern- 
ing nature, tho' his reaſonings may appear acute and 
ſubtle, the concluſions are commonly ſuch as are 
overthrown by later diſcoveries. How he deſcribed 
the Pythagorean doctrine concerning the two-fold 
motion of the earth, and endeavoured to refute it, 
we obſerved above: in one of the treatiſes that are 
aſcribed to him +, the author pretends to demon- 
ſtrate that the matter of the heavens is ungenerated, 
incorruptible, and ſubject to no alteration z and ſup- 
poſes the ſtars to be carried round the earth in ſolid 
orbs. In theſe doctrines he was generally followed, 
till Tycho by his obſervations, and Galileo by his 
arguments, expoſed their fallacy, Some have com- 
plained that there is leſs mention of a Deity, in his 


According to Pliny, Ariftotle wrote fifty volumes concern- 
ing animals, and ſeveral thouſand perſons in Greece and Aſia, 
by Alexander's orders, aſſiſted him in his enquiries. The expence 
is ſaid to have amounted to eighty talents. © 
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extenſive and various works, than in moſt ot the 
antient philoſophers ; that TIEPI KOLMOT, or, as 
ſome ſay it ought to be enticled, IIEPI ILANTOE) 
excepte.i ; which for this reaſon has been aſcribed 
to anot cer author, But there are many who judge 
this adinirable piece to be Ariſtotle's ; ard Gaſſendus 
is of o0-Q1nion that he compoſed it towards the end 
of his lite, as the reſult of his moſt ſerious 
thoughts “. 


It may be obſcrved in favour of this great philo- 
ſopher, that perhaps he did not intend his diſcoveries 
ſhould be well underſtood from his public writings 3 
for we are told that when his pupil“ complairied ot his 

ubliſhing 1ome of his treatiſes, hc inſinuated, by 
Lis anſwer, that they would be underſtood by philo- 


ſophers only. Had we a more perfect account of 


his doctrines concerning forius and qualities, poſſibly 
they might appear in a better light: perhaps he 
meant only to aſſert, in oppoſition to that branch of 
the atomiſts who followed D.mocritus, that the phæ- 
nomena of nature could not be accounted for from 
matter and motion only ; but that the qualities of 
bodies ariſe from hidden powers acting variouſly on 
different com nations of the particles of ma tter, 
according to the laws eſtabliſhed.* The conduct of 
Calliſtbenes, whom he recommended to Alexander 
to accompany bim in his Afaiic conqueſts, does 
great honour to Ariſtotle : A proſecution however, 
carried on by the Athenian prieſts, obliged him to 
abandon their city, to avoid the fate of Socrates. 


Ariſtotle was for a long time called the prince-of 
philoſophers ; and poſſeſſed the moſt abſolute autho- 
rity in the ſchools, not in Europe only, but even in 


® De phyſiologia Epicuri. 


Africa, 
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Africa, amongſt Mahometans as well as Chriſtians, 
They had tranſlations of his works in Perſia and at 
Samarcand; and no philoſopher ever acquired fo 
univerſal or ſo high an eſteem. His opinion was al- 
lowed to ſtand on a level with reaſon itſelf ; nor was 
there any appeal from it admitted, the parties, in 
every diſpute, being obliged to ſhew that their con- 
cluſions were no leſs conformable to Ariſtotle's doc- 
trine than to truth. This, however, did not put an 
end to diſputes, but rather ſerved to multiply them ; 
for neither was it eaſier to aſcertain his meaning than 
to come at the truth, nor was his doctrine conſiſtent 
with itſelf. It is not improper to have this laviſh 
ſubjection of philoſophers in remembrance ; becauſe 
an high eſteem for great men is apt to make us de- 
voted to their opinions even in doubtful matters, and 
ſometimes in ſuch as are foreign to philoſophy. 


5. We have already mentioned the Epicurean ſyſ- 
tem, and ſhall have occaſion frequently to make re- 
marks upon it afterwards. Whoever conſiders the 
extravagant doctrines of this ſect, and of the other 
Dogmatiſts, of whatever denomination, Peripate- 
tics or Stoics, may admire ſome of them for their 
morality, and more for their eloquence, it having 
been their chief buſineſs to diſpute for their ſchemes 
and declaim upon them; but cannot be greatly ſur- 
prized that, as to what relates to natural knowledge, 
ſo many joined the ſceptics; and either maintained 
that it was impoſſible to diſcover truth, with ſome of 
them ; or with others, that men were only in purſuit, 
not in poſſeſſion of it. The ſets, and ſubdiviſions 
of ſects, at length became ſo numerous, and their 
ſyſtems ſo various, that almoſt every perſon of any 
note addicted himſelf in ſome degree to philoſophy : 
for none could be at a loſs to find a ſect and doctrine 
ſuited to his taſte and inclination. But it does not 
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appear that this great increaſe of philoſophers con- 
tributed much to tne advancement of the ſcience, or 
did ervice to truth: ſuch was their licentiouſneſs, 
and ſo great the variety of their opinions, that there 
has hardly appeared any doctrine, in later times, but 
may be ſupported by the authority of one or other 
of them. It has been juſtly obſerved that we ma 
learn ſomething from the faults and miſtakes of 
others, in every art; but we do not find that the 
errors of one ſect in philoſophy ſerved to put others 
on their guard, The great maſters we have men- 
tioned had given an unhappy example; and their 
ſucceſſors exceeded them in grafting one fiction upon 
another, to ſerve their purpoſes. Thus the Plato- 
niſts became unintelligible myſtics, and the Peripa- 
tetics unwearied diſputants z while every ſect had its 
tale or ſcheme, magnified by the party, but con- 
demned by all the reſt. 


When the antients, however, applied themſelves 
to conſider the heavens, or to collect the hiſtory of 
nature, they did not loſe their labour ; their obſer- 
vations, ſometimes, uggeſted to them imperfect 
views of the true cauſes which obtain in the uni- 
verſe : and we have reaſon to admire ſome hints of 
this kind that appear in ſeveral paſlages of their 
writings, and ſ-cm to be anticipations of ſome of the 
moſt valuable modern diſcoyeries. But, generally 
ſpeaking, they indulged themſelves too much in 
abſtruſe fruitleſs diſquiſitions concerning the hidden 
eſſences of things, and ſought after a knowledge 
that was not ſuited to the grounds they had to build 
on. As to their accounts of the ſyſtem of the 
world, the Pythagorean doctrines were quite forgot, 
and the opinions of Ariſtotle and Eudoxus univerſally 
prevailed, In proceſs of time great liberties were 
taken with natyre, ſolid orbs and epicycles were 

multiplied, 
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multiplied, to anſwer every appearance, till the uni- 
yerſe in their deſcriptions loſt its native beauty, and 
ſeemed reduced to a chavs again by their unhappy 
labours. 


It is not worth while, nor of uſe for our purpoſe, 
to trace th: hiſtory of learning thro” its various re- 
volutions in the later ages, when philoſophy and 
philoſophers fell into contempt ; when they became 
more viſtinguiſhed by their extravagant opini.ns, 
manners and temper *, than by any real knowledge 
and merit. How different they were, ſo early as in 
the times of the Czſars, from the famous Pythago- 
rean lawgivers, the incomparable Socrates, and others 
who adorned the firſt ages of philoſophy, we may 
learn from the picture given of them by Tacitus. 
« Nero, ſays this author, uſed to beitow ſome time 
& after meals in hearing the reaſonings of different 
&« philoſophers, and while each maintained his own 
« ſe, and every one expreſly contradicted another, 
e they all conſpired to expoſe their endleſs variance 
« and broils, as well as to diſplay their peculiar 
* and favourite opinions; nay, there were 2 af 
e thole ſolemn maſters of wiſdom, highly fond of 
« being ſeen with their gloomy aſpect and rigid ac- 
* cent, amidſt the royal exceſſes and recreations 
* of Nero r. | | 


* 


* Sapientiam c-pillis et habitu jactant, ſays Lactantius ſpeak- 
ing of them. See alſo the complaint of Taurus the philoſopher, 
cited from Au Gellius above in the notes on 5 2. of this chap- 


ter. 


+ Tacit. annal lib 14. We have ſaid nothing of the Chi- 
ne ſe, for tho* no nation has applied to aſtronomy. for ſo long a 
time, or with ſo much encouragement from the public, they ſeem 
to have made little progreſs, by the accounts we have of them : 
this may be aſcribed, in part at leaſt, to their neglect of geometry 
(without which it is impoſſible to make great advances in altro- 
nomy) and their having no correſpondence with other nations. 


But 
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But the ſtate of learning proved ſtill more deplo- 
rable in a later period; that ought to be remem- 
bered, becauſe it diſcovers to us the moſt cruel ene- 
my to true philoſophy. *Twas ſometime after the 
fall of the Roman empire, when the majeſty and 
oy of that people had given way to Gothic bar- 
Parity, that ſuperſtition reignea uncontrouled, liberty 
of enquiry was proſcribed, and a ſavage zeal ſought 
to root out the memory of antient learning, by de- 
ſtroying the records of it, the ineſtimable product of 
the labours of paſt times. The fatal ſcheme proved 
but too ſucceſsful, for ſoon a thick cloud ſeems to 
have darkened the underſtandings of men, and to 
have almoſt extinguiſhed their natural faculties 
in ſo much that a part of the ſucceeding times ob- 


tained the appellation of the leaden ages, as worſe 


than the iron age of the poets. Authority for a long 
time uſu the place of reaſon, and, under the 
abuſed pretence of making them more ſubmiſſive to 
heaven, mankind were enſlaved and degraded. 
Here and there ſome appeared worthy of better 
times ; but theſe were obliged to conform to the 
genius of that barbarous age: if they applied to 
true philoſophy, it was either in a private and myſte- 
rious manner, or their abilities and merit ſerved only 
to provoke ſevere and cruel treatment from their 
bigotted cotemporaries. This was the fate of the 
famous Roger Bacon, who appears to have made ſur- 
prizing advances in natural knowledge, for thoſe 
times, and ſeems to have been acquainted with ſome 


inventions that are moſt commonly ſuppoſed to be 
of a later date. | | 


Learning, neglected and deſpiſed in Europe, found 
a ſanctuary amongſt the Saracens, to whom we are 
indebted for ſeveral inventions, as well as for the 
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preſervation of ſome of the works of the antients. 
They had ſo great a value for theſe, that it was uſual 
with them to demand copies of them, by particular 
articles, in their treaties with the Greek emperors ; 
tho' they had deſtroyed an ineſtimable treaſure of 
this kind, at Alexandria, in their firſt conqueſts. 
The caliph Almaimon is celebrated for encouraging 
aſtronomical learning, erecting a great number of 
obſervatories over his dominions, and providing 
them with inſtruments of a prodigious fize, By his 
order, a degree of the circle of the earth, was, firſt, 
meaſured with exactneſs, as far as we know, But, 
at length, their philoſophers ſeem to have devoted 
themſelves abſolutely to Ariſtotle, in no leſs laviſh a 
manner than the Europeans; and to a talkative phi- 
loſophy that ſerved only to produce endleſs diſputes. 


The cloud was, at length, gradually diſpell'd in 
Europe: the active genius of man could not be en- 
ſlaved for ever. The love of knowledge revived, 
the remains of antient learning, that had eſca 
the wreck: of the dark ages, were diligently ſought 
after; the liberal arts and ſciences were reſtored, 
and none of them has gained more by this happy 
revolution than natural philoſophy. 
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C HAP. III. 
Of the modern philoſophers before Des Cartes. 


I, HE revolutions. of learning were com- 
pared, by Ariſtotle, to the riſing and ſetting 
of the ſtars; and Pliny ſpeaks. of four periods of it 
that preceded his time, the Egyptian, Aſſyrian, Chal 
dean, and Grecian. Learning, after it was once 
in thoſe countries, has never revived again; and, 
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of the produce of three of thoſe periods, there is 
little or nothing left. The weſtern parts of Europe 
have been more happy. After a long interval, 
learning has returned to them; and the period which 
commenced upon the revolution we have mentioned, 
has already continued ſome hundred years. It was 
uſhered in by ſeveral inventions of the greateſt uſe. 
If we may judge from theſe, from the valuable diſ- 
coveries that have been made in its progreſs, and 
from thoſe which learned men are ſtil] in purſuit of, 
(which afford matrer for their enquiries, and at the 
ſame time keep up their curioſity and expectation) 
we may juſtly hope that it will be long ere it comes 
to an end: and if it ſhould likewiſe have its termi- 
nation, it cannot, however, but be ever memorable 
in the hiſtory of learning, in future times; unleſs a 
general oblivion overwhelm all memory and re- 
cord. | 


The invention of convex and concave glaſſes was 
as old as the thirteenth century, tho' no one thought 
of putting two of them together to make a teleſcope, 
till three hundred years later. Upon which it has 
been juſtly obſerved, that thoſe things which we 
handle daily may have valuable properties altogether 
unknown to us, which chance, or future tryais, may 
diſcover, The polarity of the magnetic . needle, 
which was made uſe of in navigation early in the 
fourteenth century (if not ſooner) facilitated the cor- 
reſpondence between diſtinct nations, and conducted 
Columbus to the diſcovery of the new world. It is 
obvious how advantageous to learning the art of 
printing has proved, which we owe to the fame cen- 
tory. Theſe, with ſeveral other new and ſurprizing 
inventions, produced a great change in the affairs of 
the world ; and a ſpirit of reformation ſoon oy 

Hel, 


Chap. 3. PaiLosopHIcal Discoveries, 45 


RE itſelf, in every thing that had any connexion with 
the arts and ſciences, 

2. Peurbachius, with his ſcholar Regiomontanus 
and others, revived aſtronomical learning, in the 
=X fourteenth century. The celebrated Copernicus (who 
was born at Thorn in Pruſſia in 1473) ſucceeded 
them, a man, ſays Kepler, * of a vaſt genius, and 


« what is of great moment in theſe matters, of a 
« free mind.“ When he conſidered the form, diſ- 
poſition and motions of the ſyſtem, as they were 
then repreſented after Ptolemy, he found the whole 
void of order, ſymmetry and proportion ; like a 
piece (as he expreſſes himſelf) made up of parts 
copied from different originals, which not fitting 
each other, ſhould rather repreſent a monſter than 
a man, He therefore peruſed the writings of the 
antient philoſophers, to ſee whether any more ra- 
tional account had ever been propoſed of the mo- 
tions of the heavens. The firſt hint he had was 
from Cicero, who tells us, in his academical queſtions 
(book 4. that Nicetas a Syracuſian had taught that 
the earth turned round on its axis, which made the 
whole heavens to appear to a ſpectator on the earth 
co turn round it daily. Afterwards, from Plutarch , 
he found that Philolaus the Pythagorean had taught 
that the earth moved annually round the ſun. He 
immediately perceived that, by allowing theſe two 
motions, all the perplexity, diſorder and confuſion, 
he had complained of in the celeſtial motions, 
vaniſhed, and that, inſtead of theſe, a ſimple regu- 
lar diſpoſition of the orbits, and a harmony of the 
motions appeared, worthy of the great author of 
the world, 


* Prefatio ad Paulum III. pontif. max. 
+ De placitis philoſophorum, lib. 3. cap. 13. 


*T 'was 
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*T was ſoon after the year 1500 he began to form 
this judgment of the ſyſtem, in his own thoughts: 
but being ſenſible how ill it would be received by the 
generality of men, and even of the learned of that 
time, he could not be induced to publiſh his account 
of the celeſtial mo ions, for more than thirty years, 
He had a great inclination, as he tells us, to have 
followed th- manner of the Pythagoreans, who would 
not publiſh their myſteries to the world, but choſe 
rather to deliver them trom hand to hand to poſte- 
rity 3 not that they envied others the knowledge of 
them, but that the beautiful diſcoveries of great 
men, the fruit of all their labours, might not be- 
come the ſport of the preſumptuous and ignorant, 
It was not without the greateſt follici ations, and 
much ſtruggling on his part, chat at length he gave 
his papers to his friends, with permiſſion to publiſh 
them; and he lived only to ſee a copy of his book 
in 1543, a few hours before his death. 


In this treatiſe, he reſtores the antient Pythaporzan 
ſyſtem, and deduces the appearances of the celeſtial | 
motions from it. Every age ſince has produced new 
arguments for it; and, notwithſtanding the oppoſi- 
tion it met with, from the prejudices of ſenſe againſt 
the earth's motion, the authority of Ariſtotle in the 
ſchools, the threats of ignorant bigots, and the ter- 
ror of the inquiſition, it has gradually prevailed. 
The chief argument that had induced Ariſtotle, and 
his followers, to conſider the earth as the centre of 
the univerſe, was that all bodies have a tendency 
towards the centre of the earth. In anſwer to this, 
Copernicus * obſerved, that it was reaſonable to think 

there 


® Equidem exiſtimo gravitatem non aliud eſſe quam appeten- 


tiam quandam naturalem, partibus inditam a divina * 
opijcis 
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there was nothing peculiar to the earth in this prin- 
ciple of gravity ; that the parts of the ſun, moon, 
and ſtars, tended likewife to each other, and that 
their ſpherical figure was preſerved in their various 
motions by this power, Thus every ſtep in true 
knowledge gives a glimpſe or faint view of what 


lies next beyond it, tho? yet unrevealed, in the ſcale 
of nature. 


3. The reſtoration of the Py!hagorean ſyſtem was 
a ſt-p of the utmoſt importance in true philoſophy, 
and paved the way for greater diſcoveries ; but the 
minds of men were not ſufficiently prepared for it, 
at that time. A juſt account of the theory of mo- 
tion was wanting to make them ſenſible of its ſim- 
plicity and beauty, and to enable chem to reſolve, in 
a ſatisfactory manner, the obvious arguments that 
appeared againſt it. According to Copernicus, the 
earth revolved on its axis, with a rapid motion, 
from weſt to eaſt. It was objected, that ſuch a mo- 
tion could not but have ſenſible effects on many oc- 
caſions; that a ſtone, for inſtance, drop'd from the 
ſummit of a tower, ought to ſtrike the ground, not 
at the foot of the tower, but at a diſtance weſtward, 
according to this doctrine ; the tower being carried, 
by the diurnal motion, towards the eaſt, while the 
ſtone was falling, In anſwer to this, the motion of 
the earth was compared to the uniform progreſſive 
motion of a ſhip at ſea; and it was affirmed, that 
a ſtone drop'd from the top qf the maſt would ſtrike 
the deck at the foot of it, tho* the ſhip was under 


opificis univerſorum, ut in unitatem integritatemque ſuam ſeſe 
conferant, in formam globi coeuntes. uam affectionem cre» 
dibile eſt etiam ſoli, lunæ, czteriſq; errantium fulgoribus, ineſſe, 
ut ejus efficatià in ea qua ſe tepreſentant rotunditate permaneant ; 


quæ nihilominus multis modis ſuos efficiunt circuituss Nicol. 
Copernic revol. lib, 1. cap. 9. 
2 ſal, 


£ 
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fail, and advanced at a great rate while the ſtone 
was falling. This experiment is now beyond a! 
queſtion: but ſome, who tried it without due care 
and attention, having reported to Hebo Brahe that 
it had not ſucceeded *, this, with a miſtaken zeal 
for the ſacred writings, and perhaps an atnþition of 
being the inventor of a new ſyſtem, induced him to 
reject the doctrine of Copernicus, and propoſe a mid- 
dle ſcheme, Tycho was too well acquainted with the 
Planetary mo:1ons to ſuppoſe their centre any where 
elſe than in the ſun ; but that the earth might be 
quieſcent, he ſuppoſed the lun, with all the planets, 
to be carried annually around it, while theſe, by their 
proper motions, revolved about the ſun in their ſeve- 
ral periods. Having rejected the diurnal rotation of 
the earth on its axis, he was obliged to retain the 
moſt ſhocking part of the Ptolemaick ſyſtem, and to 
ſuppoſe that the who e univerſe, to its fartheſt viſible 
limits, was carried, by the primum mobile, about the 
axis of the earth every day. In this, however, he 
was abandoned by ſome of his followers, who choſe 
rather to fave this immenſe labour to all the ſpheres, 
by aſcribing the diurnal motion to the earth, with 
Copernicus ; and therefore were called Semi-Tychonics. 


xs | 

 'Tho!' this noble Dane was not happy in eſtabliſh- 
ing a new ſyſtem, he did great ſervice, however, to 
aſtronomy, by his diligence and exactneſs in making 
oblervations, for a long ſerics of years. He diſco- 
vered the refraction of the air, and determined the 
places of a great number of the fixed ſtars, with an 
accuracy unknown to the "aſtronomers of former 
times, He demonſtrated that the comets were 
higher than the moon, from their having a very 
ſmall parallax, againſt the opinion which then pre- 


* Gafſend. in vita Tychenis. lee 
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vailed. He diſcovercd what is called the variation 
in the motion of the moon ; and, from his ſeries of 
obſervations on the other planets, the thedries of 
their motions were afterwards corrected and im- 
proved. For theſe ſervices he will be always ccle- 
brated by aſtronomers. 


4. Towards the latter end of the ſixteenth cen- 
tury, and about the beginning of the next, Galileo 
and Kepler diſtingutſhed themſelves in the defence 
of the Copernican ſyſtem, and by many new diſco- 
veries in the ſyſtem of the world. The excellent 
Galileo was no leſs happy in his philoſophical enqui- 
ries, than in the celebrated diſcoveries which he 
made in the heavens, by the teleſcope. To the 
admirable Kepler we owe the diſcovery of the true 
figure of the orbits, and the proportions of the mo- 
tions of the ſolar ſyſtem: but the philoſophical 
improvement of theſe phænomena was reſerved for 
Sir Iſaac Newton. | | 


Kepler had a particular paſſion for finding ana- 
logies and harmonies in nature, after the manner of 
the Pythagoreans and Platoniſts ; and to this diſ- 
poſition we owe ſuch valuable diſcoveries as are more 
than ſufficient to excuſe his conceits. Three things, 
he tells us, he anxiouſly ſought to find the reaſon 
of, from his early youth; why the planets were ſix 
in number, why the dimenſions of their orbits were 
ſuch as Copernicus had deſcribed from obſervations, 
and what was the analogy or law of their revolutions. 
He ſought for the reaſons of the firſt two of theſe 
in the properties of numbers and plane figures, 
without ſucceſs. But at length reflecting that while 
the plane regular figures may be infinite in number, 
the ordinate and regular ſolids are five only, as 
Euclid had long ago demonſtrated; he imagined 

| E. that 
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| that certain myſteries in nature might correſpond 
| with this remarkable limitation inherent in the eſſen- 
ces of things; the rather that he found the Pytha- 
goreans had made great uſe of thoſe five regular | 
ſolids in their philoſophy. He therefore endeavour- BR 
ed to find ſome relation between the dimenſions of 
thoſe ſolids and the intervals of the planetary ſpheres 
and imagining that a cube inſcribed in the ſphere of 
Saturn would touch by its ſix planes the ſphere of 
Jupiter, and that the other four regular ſolids in 
like manner fitted the intervals that are betwixt the 
ſpheres of the other planets, he became perſuaded 
that this was the true reaſon why the primary pla- 
nets were preciſely ſix in number, and that the 
Author of the world had determined their diſtances 
from the ſun, the center of the ſyſtem, from a re- 
gard to this analogy. Being thus poſſeſſed, as he 
thought, of the grand ſecret of the Pythagoreans, 
and being mightily pleaſed with his diſcovery, he 
publiſhed it in 1596, under the title of Myſterium 
Coſmographicum, 


3 . T4" - © 
3 * : „ 
4 0 ** 2 F * 
4 p © +4 $6 ad. <= II of - > oq Buy. 2 * 


2 
% at n=, Bras 
— 2 * % 1 
Fo. 2 1 * 
A 


* 

„ 9 
. 1 
5 : 


2 W - 
* 
_  - 
=” > OY 
* 
1 4 
t p_ U 

* 


Kepler ſent a copy of this book to Tycho Brabe, 
who did not approve of thoſe abſtracted ſpeculations 
concerning the ſyſtem of the world, but wrote to 
Kepler, firſt to lay a ſolid foundation in obſervations, 
and then, by aſcending from them, to ſtrive to 
come at the cauſes of things. This excellent advice, 
to which we owe the more ſolid diſcoveries of Kepler, We 
deſerves to be copied from his own account of it *. 
«© Argumentum literarum Brachei (ſays he) hoc 
erat, uti ſuſpenſis ſpeculationibus a priori de- 

ſcendentibus, animum potius ad obſervationes, 
&« quas ſimul offerebat, conſiderandas adjicerem. 
« Inque 1is primo gradu facto, poſt demum, ad 


S . ei... 


* Notz in editionem ſecundam Myſterii Coſmographici. 
e « cauſas 
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« cauſas aſcenderem.”* In this judgment the great 
men of different times have frequently conſpired, 
but few have faithfully followed it, 


Tycho, however, pleaſed with his genius, prevailed 
with Kepler to reſide with him near Prague (where 
he paſſed the laſt years of his life, after having left 
his native country on ſome ill uſage) and to aſſiſt him 
in his aſtronomical labours. Soon after this Tycho 
died, but Kepler made many important diſcoveries 
from his obſcrvations : he found that aſtronomers 
had erred, from the firſt riſe of the ſcience, in aſcrib- 
ing always circular orbits and uniform motions to 
the planets ; that each of them moves in an ellipſis 
which has one of its focz in the center of the ſun ; 
that the motion of each is really unequable; and 
varies ſo, that a ray ſuppoſed to be always drawn 
from the planet to the ſun deſcribes equal areas in 
equal times, 
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It was ſome years later before he diſcovered the 
analogy there is between the diſtances of the ſeveral 
planets from the ſun, and the periods in which they 
complete their revolutions. He eaſily ſaw that the 
higher planets not only moved in greater circles, but 
allo more ſlowly than the nearer ones; ſo that, on 
a double account, their periodic times were greater; 
Saturn, for example, revolves at a diſtance from the 
ſun nine times and a half greater than the earth's 
diſtance from it; and the circle deſcribed by Saturn 
is in the ſame proportion; and as the earth revolves 
in one year, fo, if their velocities were equal, Sa- 
turn ought to revolve in nine years and a half; 
whereas the periodic time of Saturn is above twenty 
mne years, The periodic times of the planets in- 
creaſe, therefore, in a greater proportion than their 
diſtances from the ſun ; but not in ſo great a pro- 
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portion as the ſquares of thoſe diſtances; for if that 
was the law of their motions (the ſquare of 94 be- 
ing 90+) the periodic time of Saturn ought to be 
above yo years. A mean proportion betwixt that 
of the diſtances of the planets, and that of the 
ſquares of thoſe diſtances, is the true proportion of 
the periodic times; as the mean betwixt g and its 
{quare 90+ gives the periodic time of Sa/ury in years. 
Kepler, atter having committed ſeveral miſtakes in 
determining this analogy, hit upon it at laſt in 
1618, May 15th, for he is ſo exact as to mention 
the preciſe day when he found, that The ſquares | 
<< of the periodic times were always in the ſame FR 
„proportion as the cubes of their mean diſtances F* 
« from the ſun,” This is only a very brief and 
ſummary account of the fruits of his great labours 
for many years on the obſervations made by Tycho *, 
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When Kepler ſaw that his diſpoſition of the five 
regular ſolids amongſt the planetary ſpheres was not 
agreeable to the intervals between their orbits, ac- 
cording to better obſervations, he endeavoured to 
diſcover other ſchemes of harmony. For this pur- 
poſe, he compared the motions of the ſame planet 
at its greateſt and leaſt diſtances, and of the diffe- 
rent planets in their ſeveral orbits, as they would 
appear viewed from the ſun ; and here he fancied 
that he found a ſimilitude to the diviſions of the 
octave in muſic. Theſe were the dreams of this 
ingenious man, of which he was ſo fond, that, 
hearing of the diſcovery of four new planets (the 
ſatellites of Jupiter) by Galileo, he owns that his 
firſt reflexions were from a concern how he could 
ſave his favourite ſcheme, which was . threatned 


* See his Tabulz Rudolphinz, and Comment. de ſtellä 
Martis, | 
by 
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by this addition to the number of the pla- 
nets . The ſame attachment led him into a wrong 
judgment of the ſphere of the fixed ſtars 4: for 
being obliged, by his doctrine, to allow a vaſt ſupe- 
riority to the ſun in the univerſe, he reſtrains the fixed 
ſtars within very narrow limits. Nor did he con- 
ſider them as ſuns, placed in the centers of their 
ſeveral ſyſtems, having planets revolving round 
them ; as the other followers of Copernicus, from 
their having light in themſelves, their immenſe diſ- 
tances, and from the anal gy of nature, have con- 
dluded them to be, Not contented with theſe 
> harmonies, which he had learned from the obſerva- 
tions of Tycho, he gave himſelf the liberty to ima- 
cine ſeveral other analogies, that have no foundation 
in nature, and are overthrown by the beſt obſerva- 
tions. Thus from the opinions of Kep/er, tho? moſt 
juſtly admired, we are taught the danger of eſpouſ- 
ing principles, or hypotheſes, borrowed from ab- 
{tracted ſciences, and of applying them, with ſuch 
liberty, to natural enquiries, 
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A more recent inſtance of this fondneſs, for diſ- 
covering analogies between matters of abſtracted 
ſpeculation and the conſtitution of nature, we find 
in Huygens, one of the greateſt geometricians and 
aitronomers any age has produced : when he had 
diſcovered that ſatellite of Saturn, which, from him, 
is ſtill called the Huygenian ſatellite, this, with our 
moon, and the tour ſarcilites of Jupiter, completed 
the number of fix ſecondary planets then diſcovered 
in the ſyſtem : and, becauſe the number of the pri- 
mary planets is alſo ſix, and this number is called 
by mathematicians a perfect number, (being equal to 
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Diſſert. cum nuncio ſidereo. 
+ Epitome Aflronomie, lib. 4. part 1. 
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the ſum of its aliquot parts, 1, 2, and 3, Huygens 
was hence induced to believe that the number of the 
planets was complete, and that it was in vain to look 
for any more T. We do not mention this to leſſen 
this great man, who never perhaps reaſoned in ſuch 
a manner on any other occaſion ; but only to ſhew, 
by another inſtance, how ill- grounded reaſonings of 
this kind have always proved : for, not long after, 
the celebrated Caſſini diſcovered four more ſatellites 
about Saturn; ſo that the number of ſecondary pla- 
nets now known in the ſyſtem is ten. The ſame 
Caſſini having found that the analogy, diſcovered by 
Kepler, between the periodic times and the diſtan- 
ces from the center, takes place in the leſſer ſyſtems 
of Jupiter and Saturn, as well as in the great ſolar 
ſyſtem ; his obſervations overturned that groundleſs 
analogy which had been imagined between the num- 
ber of the planets, both primary and ſecondary, 
and the number ſix ; but eſtabliſhed, at the ſame 
time, that harmony in their motions, which will, 
afterwards, appear to flow from one real principle 
extended over the univerſe, 


5. But to return to Kepler, his great ſagacity, 
and continual meditation on the planctary motions, 
ſuggeſted to him ſome views of the true principles 
from which theſe motions flow. In his preface to 
the commentaries concerning the planet Mars, he 
ſpeaks of gravity as of a power that was mutual 
betwixt bodies, and tells us that the earth and moon 
tend towards each other, and would meet in a point 
ſo many times nearer to the earth than to the moon, 
as the earth is greater than the moon, if their mo- 
tions did not hinder it. He adds, that the tides 


* Flem. Zuclid. lib. 7. defin. ult. 
+ See the dedication of his Syſtema Saturnium. 
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ariſe from the gravity of the waters towards the 
moon. But not having juſt enough notions of the 
laws of motion, he does not ſeem to have been 
able to make the beſt uſe of theſe thoughts ; nor 
does he appear to have adhered to them ſteadily, 
fince in his epitome of aſtronomy, publiſhed eleven 
years after, he propoſes a phyſical account of the 
* planetary motions, derived from different prin- 
3 ciples. 


2 He ſuppoſes, in that treatiſe, that the motion of 
the ſun on his axis is preſerved by ſome inherent 
vital principle ; that a certain virtue, or immaterial 
image of the ſun, is diffuſed with his rays into the 
ambient ſpaces, and, revolving with the body of 
the ſun on his axis, takes hold of the planets and 
carries them along with it in the ſame direction; as 
a load-ſtone turned round in the neighbourhood of 
a magnetic needle makes it turn round at the ſame 
time. The planet, according to him, by its inertia 
endeavours to continue in its place, and the action 
of the ſun's image and this inertia are in a perpetual 
ſtruggle. He adds, that this action of the ſun, 
like to his light, decreaſes as the diſtance increaſes ; 
and therefore moves the ſame planet with greater 
celerity when nearer the ſun, than at a greater diſ- 
tance, To account for the planet's approaching 
towards the ſun as it deſcends from the aphelium to 
the peribelium, and receding from the ſun while it 
aſcends to the aphelium again, he ſuppoſes that the 
ſun attracts one part of each planet, and repells the 
oppoſite part; and that the part which is attracted 
is turned towards the ſun in the deſcent, and that 
the other part is towards the ſun in the aſcent, By 
ſuppoſitions of this kind, he endeavoured to account 
lor all the other varieties of the celeſtial motions. 
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Now the laws of motion are better known than 
in Kepler's time, it is caſy to ſhew the fallacy of every 
part of this account of the planetary revolutions, 
The planet does not endeavour to ſtop in its place 
in conſequence of its inertia, but to perſevere in its 
motion in a right line. An attractive force makes 
it deſcend from the aphelium to the peribelium in a 
curve concave towards the ſup : but the repelling 
force, which he ſuppoſed to begin at the peribelium, 
would cauſe it to aſcend in a figure convex towards 
the ſun, We ſhall have occaſion to ſhew afterwards, 
from Sir Iſaac Newton, how an attraction or gravi- 
tation towards the ſun, alone, produces the effects, 
which, according to Kepler, required both an attrac- 
tive and repelling force; and that the virtue which 
he aſcribed to the ſun's image, propagated into the 
planetary regions, is unneceſſary, as it could be of 
no ule for this effect tho* it were admitted, For 
now his own prophecy, with which he concludes his 
book *, is verified; where he tells us that “ the 
0 diſcovery of ſuch things was reſerved for the ſuc- 
e ceeding age, when the Author of nature would 
£* be pleaſed to reveal thoſe myſteries.”? 


6. In the mean time, Galileo made ſurprizing 
diſcoveries in the heavens by the teleſcope, an in- 
ſtrument invented in that time; and, by applying 
geometry to the · doctrine of motion, began to eſta- 
bliſh natural philoſophy on a ſure foundation. He 
made the evidence of the Copernican ſyſtem more 
fenſible, when he ſhewed from the phaſes of Venus, 
like to the monthly phaſes of the moon, that Venus 
actually revolves about the ſun. He proved the 


fHæc et cætera hujuſmodi latent in pandectis ævi ſequentis, 
pon antea diſcenda quam librum hunc Deus arbiter ſeculorum 
recluſerit mortalibus. Fpit. Alien. 
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revolution of the ſun on his axis, from his ſpots z 
and thence the diurnal rotation of the earth became 
more credible. The four ſatellites that attend Jupi- 
ter in his revolution about the ſun, repreſented, in 
Jupiter's lefler ſyſtem, a juſt image of the great 
{olar ſyſtem z and rendered it more eaſy to conceive 
how the moon might attend the earth, as a ſatellite, 
in her annual revolution. By diſcovering hills and 
cavities in the moon, and ſpots in the ſun conſtantly 
varying, he ſhewed that there was not ſo great a 
difference between the celcllal and ſublunary bodies 
as the philoſophers had vainly imagined *. 


He did no leſs ſervice by treating, in a clear and 
geometrical manner, the doctrine of motion, which 
has been juſtly calied the key of nature, The ratio- 
nal part of mechanics had been ſo much neglected, 
that there was hardly any improvement made in it, 
from the time of the incomparable Archimedes to 
that of Galileo; but this laſt named author has given 
us fully the theory of equable motions, and of ſuch 
as are uniformly accelerated or retarded, and of theſe 
two compounded together. He, firit, demonſtrat- 
ed, that the ſpaces deſcribed by heavy bodies from 
the beginning of their deſcent are as the ſquares of 


the times, and that a body, projected in any direc- 


tion that 1s not perpendicular ro the horizon, de- 
ſcribes a parabola, Theſe were the beginnings of 
the doctrine of the motion of heavy bodies, which 


Galileo obſerved ſomething very extraordinary about Sa- 
turn, which he imagined to be two Satellites almoſt in contact 
with his body; and Des Cartes fancied theſe two Satellites were 
quieſcent in his vortex, becauſe (as he ſuppoſed) Saturn did 
not turn round on his axis; but Huygens ſhewed that this ap- 
pearance proceeded from a ring that encompaſſes his body, 


N touching it, and accompanies him in his revolution about 
the ſun. | 


has 
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has been ſince carried to ſo great a height by Sir 
ILſaac Newton, 


He alſo diſcovered the gravity of the air, and 
endeavoured to compare it with that of water; 
and opened up ſeveral other enquiries in natural 
philoſophy, He was not eſteem'd and followed 
philoſophers only, but was honoured by perſons of 
the greateſt diſtinction of all nations. Des Cartes, 
indeed, * after commending him for applying geo- 
metry to phyſics, complains that he had not exa- 
mined things in order, but had enquired into the 
reaſons of particular effects only; adding that, by 
his paſſing over the primary cauſes of nature, he had 
built without a foundation. He did not, *tis true, 
take ſo high a flight as Des Cartes, or attempt fo 
univerſal a ſyſtem ; but this complaint, I doubt, 
muſt turn out to Galileo's praiſe ; while the cenſure 
of Des Cartes ſhews that he had the weakneſs to be 
vain of the worſt part of his writings, 


But all the merit of this excellent philoſopher and 
elegant writer could not preſerve him from perſecu- 
tion in his old age. Some pretended philoſophers, 
who had imprudently objected againſt his new diſco- 
veries in the heavens, when they found themſelves 
worſted and expoſed to ridicule, turned their hatred 
and reſentment againſt his perſon. He was obliged, 
by the rancour of the Jeſuits (as *tis ſaid ) and the 
weakneſs of his protector, to go to Rome, and there 
ſolemnly renounce the doctrine of the motion of the 


* Epiſtol. part 2. epiſt. gr. 

+ Vir in omni mathematum parte ſummus Galileus Galilei, 
Jeſuitarum in ipſum odio, ac principis 'Thuſci ſub quo vixit ſo- 
cordj metu, coactus ire Romam, ideo quod terram moviſſet, non 
vetante veſtro Hortenſis, dure habitus, ut majus vitaret malum, 
quaſi ab ecclefia edoctus, ſua ſcita reſcidit. Hug. Grotius in 


epiſtola ad Yo/ium, Lutet. 17. maii, 1635. 
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earth, which he had argued for with ſo much inge- 
nuity and evidence“. After this cruel uſage he was 
ſilent for ſome time, but not idle; for we have va- 
FX luable pieces of his of a later date. 


7. Sir Francis Bacon Lord Verulam , who was 
cotemporary with Galileo and Kepler, is juſtly held 
XZ amongſt the reſtorers of true learning, but more 
= eſpecially the founder of experimental philoſophy, 
When he was but ſixteen years old, he began to diſ- 
ke the vulgar phyſics and what was called Ariſtotle's 
2 philoſophy. He ſaw there was a neceſſity for a 
= thorough reformation in the way of treating natural 
knowledge, and that all theory was to be laid aſide 
that was not founded on experiment. He propoſed 
his plan in his in/tauratio magna, with ſo much 
2 ſtrength of argument, and ſo juſt a zeal, as renders 
that admirable work the delight of all who have a 
taſte for ſolid learning. 


= He conſiders natural philoſophy as a vaſt pyra- 
mid, that ought to have the hiſtory of nature for its 
baſis; an account of the powers and principles that 
operate in nature, which he calls the phyſical part, 
for its ſecond ſtage ; and the metaphyſical part, that 
treats of the formal and final cauſes of things, for 
its third ſtage. But as for the ſummit of this pyra- 
mid, the ſupreme of nature, opus quod operatur Deus 
= 4 principio uſque ad finem, as he expreſſes it, he 
& doubts if men can ever attain to the full knowledge 
of it. The philoſophers who ſtrive to erect theſe by 
the force of abſtract ſpeculation he compares to the 


* He was beſides condemned to a years impriſonment in the 


1 and the penance of repeating daily ſome penitential 
pſalms. 


T He was born in 1560, Galileo in 1564. : 
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giants of old, who, according to the poets, endea- 
voured to throw mount Offa upon Pelivn, and Olym- i 


pus upon Ofſa. | 


An artiſt, ſays this noble author, would expoſe 
himſelf to the juſteſt ridicule, who, in order to raiſe 
ſome vaſt obehſk, ſhould attempt it by the force of 
his arms, inſtead of employing the proper machines; 
or if, after finding himſelf unequal to the taſk, he 
ſhould call for the aid of more workmen in the ſame 
way. Would he appear leſs ridiculous if hi: ſhould 
next ſet about chuſing his men, and examining them 
carefully, that he might employ the vigoroiis and 
robuſt only ? or if, after he found this was to ? o pur- 
poſe, he ſhould: then apply himſelf to ſtudy the 
athletic art, and learn to compoſe curious ointments 
for ſtrengthening their limbs, or conſult learned phy- 
ſicians, who, by proper medicaments, ſhould pro- 
mote their health and vigour ? Nor are they leſs ab- 
ſurd, in our noble author's judgment, who labour 
to interpret nature by the force and ſubtlety of genius 
only, tho* they ſhould aſſume the aid of the acuteſt 
men in the ſame work, and carry the dialecticks, or 
the art of reaſoning, to the greateſt height for this 
purpoſe. 


3 
. ere — 


p * 4, < ; N 4 » * = 5 4 
* N 1 = A 5 9 * 3 {TY * = 
e 4 ore Lee RS a8 BY 


The empirical philoſophers, thoſe who have no 
higher view than to collect the hiſtory of nature, he 
compares to the ants, who gather the grain and lay 
it up as they find it (unleſs it be true, as is reported 
of them, that they firſt take care it ſhould not ger- 
minate or become fruitful ;) the Sophiſts to the ſpi- 
ders, who form their webs from their own bowels, to 
catch unwary inſects in their aerial flights; while the 
bee that gathers the matter from the flowers of the 
field, from which with admirable ſkill ſhe makes her 


honey, is the emblem of the true philoſopher ; who 
neither 
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neither truſts wholly to his own underſtanding, nor 
contents himſelf with recording the matter with 
which he is furniſhed from natural hiſtory or mecha- 
nical experiments; but, by reaſoning ſkilfully from 
them, brings forth truth and ſcience, the great and 
noble production of the human faculties, From the 
neglect of experiments it aroſe, that while nature 
was infinite, natural knowledge was at a ſtand for 
many ages, and that the various ſects wandered in 
the dark, without kindling any light to guide them, 
or finding any path to conduct them in her mazes. 
But, from a happy conjunction of the experimental 
and rational faculties, Lord Verulam conceived the 
higheſt expectations. Alexander, he tells us, and 
Cæſar performed exploits that are truly greater than 
thoſe reported of king Arthur or Amadis de Gaul; 
tho? they acted by natural means, without the aid 
oſ magic or prodigy. 


It was with great juſtice, and very ſeaſonably, he 
reprehended thoſe * who, upon a weak conceit of 
e ſobriety, or ill- applied moderation, thought or 
© maintained that a man can ſearch too far, or be 
% too well ftudied in the book of God's word, or in 
ce the book of God's works. But rather, he adds, 
let men awake themſelves, and chearfully endea- 
% your and purſue an endleſs progreſs and profi- 
„ ciency in both; only let them beware leſt they 
apply knowledge to pride, not to charity, to 
& oftentation, not to uſe.” He obſerves, that a 
ſuperficial taſte of philoſophy may perchance incline 
the mind to atheiſm z but a full draught thereof 
brings it back again to religion : in the entrance of 
philoſophy, when the ſecond cauſes moſt obvious to 
the ſenſes offer themſelves to the mind, we are apt 


* Bacop's Advancement of Learning, lib. 1. 
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men; that while all admired the ſublime geometry 
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to cleave unto them, and dwell too much upon them, 
ſo as to forget what is ſuperior in nature. But when 
we pals further, and behold the dependency, conti- 
nuation and confederacy of cauſes, and the works 
of providence, then, according to the allegory of 
the poets, we eaſily believe that the higheſt link of 
nature's chain muſt needs be tied to the foot of Ju- 
piter's chair; or perceive “ That philoſophy, like 
* Jacob's viſion, diſcovers to us a ladder, whoſe 


© top reaches up to the footſtool of the throne 


c of God.” 


The Ariſtotelian philoſophy appeared unſatisfactory 
to Lord Bacon, not from want of eſteem for its au- 
thor, whom he always uſed to extol ; but becauſe it 


ſeemed fit for diſputes only, and incapable of pro- 


ducing real fruit. Ariſtotle, he ſaid, had ſuited his 
phyſics to his logic, inſtead of giving ſuch a kind of 
logic as might be of real uſe in phyſics. To ſupply 
this defect, he compoſed his novum organum ; where 
his chief deſign is to ſhew how to make a good in- 
duttion, as Ariſtotle's was to teach how to make a 
good /y/logiſm. Had the philoſophers, ſince Lord 
Verulam's time, adhered more cloſely to his plan, 
their ſucceſs had been greater; and Sir 1/aac New- 
ton's philoſophy had not found the learned fo full of 
prejudices againſt it, in favour of ſome ſyſtems late- 
ly invented and mightily extolled by ſpeculative 
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which ſhone throughout his work, few for ſome 
time appeared to be diſpoſed to hearken to his phi- 
loſophy, or in a condition to judge of it im- 
partially. 


8. However, Lord Bacon's exhortations and ex- 
ample had a good effect; and experimental philo- 


ſophy has been much more cultivated ſince his time 
| than 


e 


ö 


<< 


IC 
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than in any preceding period. Geometry and philo- 
ſophy advanced together at a great pace, and gave 
mutual aid to each other, The evidence of geome- 
try began to take place in philoſophy, while all things 
were examined by number, weight, and meaſure z 
and the principles of the theory of motion, bein 


| I now clearly underſtood, furniſhed excellent illuſtra- 
tions of the abſtruſe parts of geometry. Galileo 


had ſcholars worthy of ſo great a maſter, by whom 


N ; the gravitation of the atmoſphere was eſtabliſhed 
fully, and its varying preſſure accurately and conve- 
=> niently meaſured, by the column of quick-ſilver of 


equal weight ſuſtained by it in the barometrical tube, 


| The elaſticity of the air, by which it perpetually en- 


> deavours to expand itſelf, and, while it admits of 


= condenſation, reſiſts in proportion to its denſity, was 
a phznomenon of a new kind (the common fluids 


* __  - 5 — , 
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having no ſuch property) and of the utmoſt import- 
ance to philoſophy. Theſe principles opened up a 
2 vaſt field of new and uſeful knowledge, and ex- 
& plained a great variety of phænomena, which had 
been accounted for in an abſurd manner before that 


time. It ſeem'd as if the air, the fluid in which 


men lived from the beginning, had been then firſt 


diſcovered. Philoſophers were every where buſy en- 
quiring into its various properties and their effects; 
and valuable diſcoveries rewarded their induſtry. 
Of the great number who diſtinguiſhed themſelves 
on this occaſion, we cannot but mention Torricelli 
in Italy, Paſchal in France, Otto Guerick in Germany, 


and Boyle in England, 


The views of philoſophers began now to be 


g mightily enlarged, not by their diſcoveries concern- 
Ing the air only, but likewiſe by their enquiries into 
the more potent element fire and its effects, and into 
the chymical compoſition, reſolution, and changes 


of 
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of bodies, For about this time chymiſts began to 
ſpeak more intelligibly concerning their art, and to 
connect it in ſome degree with natural philoſophy, 
or to conſider it, at leaſt, as not quite foreign to it, 
This we owe in great meaſure to the honourable Mr, 
Boyle, whoſe favourite ſtudy chymiltry is faid to have 
been, and who was happy in an eaſy and familiar | 
manner of deſcribing the ſubjects which were treated 

by him. * 


It muſt be owned that none ever took ſo great 4 
pains to promote natural knowledge, in all its 
branches, or the beſt improvement that can be made 
of it, than this excellent perſon. It has been ob- 
ſerved that he was born the ſame year that Lord 
Bacon died, as if he had been deſtin*d to carry on F 
his plan. He ſpared no labour nor coſt in collecting 
the hiſtory of nature, and making curious and uſe- 
ful experiments of all forts, As Lord Bacon's plan 
comprehended the whole compaſs of nature, ſo the 
variety of enquiries proſecuted by Mr. Boyle, with BR 
great care and attention, is very ſurprizing, and per- 
haps not to be parallel'd. Hydroſtatics, tho? a mol = 
uſeful branch of mechanical philoſophy, had been 
but ill underſtood, till he eſtabliſhed its principles, 
and illuſtrated its paradoxes, by a number of plain 
experiments, in a ſatisfactory manner. The doctrine WR 
of the air afforded him an ample field; and, in all 
his reſearches, he ſhewed a genius happily turned Wi 
for experimental philoſophy, with a pertect candour, 
and a regular condeſcenſion in examining with pa- 
tience, and refuting, without oſtentation, the errors 
which philoſophers "had been led into from their pre: 
judices, and the many artful ſubterfuges by which 
they ſtrove to ſupport them. The unc xceptionabl 
integrity, extenſive charity, and ſingular piety 0 


thus excellent perſon did great honour to-philoſophy. i 
7 4 andi 
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and formed an eminent part of his character. The 
world he conſidered as the temple of God, and 
* man (to uſe his own words) as born the prieſt of 
e nature, ordained (by being qualified) to celebrate 
% divine ſervice, not only in it but for it.” Not 
ſatisfied with having promoted the belief of a Deity 
and the evidence of true religion, to the utmolt of his 
power, in the great number of volumes compoſed 
by him, on every occaſion during the courſe of a 
laborious life, he has taken care, by his will, to per- 
petuate a ſucceſſion of advocates for it, who ſhould 
make the ſame improvement not of his diſcoveries 
only, or of thoſe of former times, but of what 
ſhould be produced by future ages. In this deſign, 
worthy of him, the ſucceſs has been anſwerable to 
his intentions; and ſurely ſuch a man, we mult al- 
low, was not an ornament to his own age and coun- 
try only, but a publick benefit to all times and 
nations. 


We are now arrived at the happy æra of experi- 
mental philoſophy ; when men, having got into the 
right path, proſecuted uſeful knowledge; when their 
views of nature did honour to them, and the arts 
received daily improvements; when not private men 
only, but ſocieties of men, with united zeal, inge- 
nuity and induſtry, proſecuted their enquiries into 
the ſecrets of nature, devoted to no ſect or ſyſtem. 
But we are obliged to abandon, at preſent, the agree- 
able taſk of following them in their diſcoveries, in 
this flouriſhing period of ſcience, to give account of 
a molt illuſive ſcheme of ſpeculative philoſophy that 
prevailed amongſt many at this very time, and, by 
miſleading ingenious men, corrupted their notions 
and retarded their progreſs. It ſeems that, however 


* Biyle's Uſefulneſs of Natural Philoſophy, part 3. effay 3. 
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fertile this period was in new inventions, nature did 
not unveil herſelf readily enough to ſatisfy the im- 
paticnce of ſome men, who could not be contented 
with thoſe views of her which time and induſtry 
produced to them. Therefore they h. arkaed again 
to the vain promiſes of thoſe who pro-nded to un- 
ravel all her myſteries at once, by thc ſorce of their 
abſtracted ſpeculations. The Carte/an ſyſtem was 
the moſt extenſive, and (according to mary) the 
moſt exquilite in its contrivance, of any that have 
been imagined. The author of it was a bold philo- 
ſopher, and doubtleſs of a ſubtle genius, to nulge 
which he retired from the world for many years. tie 
valued himſclf on his clear ideas, and is ilowed to 
have contributed to diſſipate the daijknets of that {rt 
of ſcience which prevailed in the ſchoois ji we 
may believe ſome accounts, he rejected a void from 
a complaiſance to the taſte which then rrevailed, 
againſt his own firſt ſentiments ; and amongſt his 
familiar friends, uſed to call his ſyſtem his philoſo- 
phical romance. It had however great ſucceſs; and 
his doctrines ſtill prevail ſo much, that it is neceſſary 
for our purpoſe to give a ſhort account of them. 


CHAP. IV. 


Of the philoſophical principles of Des Cartes, the 
emendations of bis followers, and the preſent contro- 
verfies in natural philoſophy, 


E S Cartes begins his principia by ſhewing the 
D neceſſity of doubting firſt of every thing,, in 
order to our obtaining certain knowledge; and re- 
commends to his readers to conſider his reaſons for 
doubting of all things, not once only, but to em- 
ploy weeks, or even months, on theſe alone, __ 
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he proceed farther, He firſt eſtabliſhes the certainty 
of our own exiſtence, and that of our ideas of which 
we are intimately conſcious to ourſelves; of the 
exiſtence of which, however, after all he has ſaid, it 
ſeems impoſſible for us to doubt for a moment, 
From our having the idea of a Being infinitely per- 
fect and neceſſarily exiſting, he concludes that ſuch 
a Being actually is; upon whoſe will he makes the 
certainty of ſelf-evident propoſitions, or axioms *, 
as well as of all other neceſlary truths, to depend. 


From the knowledge of the cauſe eſtabliſhed in 
this manner, he pretends to deduce a complete 
knowledge of his effects, by neceſſary ſteps, It is 
clear, ſays he , that we ſhall follow the beſt method 
in philoſophy, it, from our knowledge of the Deity 
himſelf, we endeavour to deduce an explication of 
all his works ; that ſo we may acquire the moſt per- 
fect kind of ſcience, which is that of effects from 
their cauſes, As for final cauſes he rejected them 
from philoſophy, as we obſerved above; and from 
theſe paſſages, which repreſent the genius of this au- 
thor's philoſophy, and from the manner in which he 
ſets out, we may already form ſome judgment how 
hope ful his project was. 


From the veracity of the Deity, he infers the 
reality of material objects, which are repreſented to 
us as exiſting without us, He places the eſſence of 
matter in extenſion z, for this alone remains, he ſays, 


* According to him, the Deity did not will that the three 
angles of a triangle ſhould be equal to two right ones, becauſe 
he knew that it could not be otherwiſe ; but, becauſe he would 
that the three angles of a triangle ſhould neceſſarily be equal to 
two right ones, therefore this is true and can be no otherwiſe. 

See the paſſages cited above from his Principia, in the notes 
upon 5 4. ch. 1. 
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when we reject hardneſs, colour, weight, heat and 
cold, and the other qualities which, we know, a 
body can be without. Hence he eaſily concludes 
that there can be no void, or extenſion without mat- 
ter. He adds, however, immediately afterwards, 
as properties of matter, that its parts are ſeparable 
and moveable; tho' thele ſeem to imply more than 
mere extenſion, 


He defines motion to be the tranſlation of a body 
from the neighbourhood of other bodies that are in 
contact with it, and are conſidered as quieſcent, to 
the neighbourhood of other bodies ; and thus makes 
no diſtinction between abſolute or real, and relative 
or apparent motions z both of which equally agree 
to this definition. The reaſon he gives why the 
ſame quantity of motion muſt be preſerved for ever 
in the univerſe, without any augmentation or dimi- 
nution in the whole, muſt appear conciſe, and very 
extraordinary, It is no other than that God muſt 
be ſuppoſed to act in the moſt conſtant and im- 
mutable manner. From the ſame property of the 
Deity, he infers that a body muſt continue in its 
ſtate as to reſt, motion, figure, &c. till ſome exter- 
nal influence produce a change; which is his firſt 
law of nature: that the direction of motion is na- 
turally rectilinear, or that a body never changes its 
direction of itſelf z which is his ſecond law: and that 
a body in motion, when it meets with another 


moving with a greater force, is reflected without 


loſing any part of its firſt motion; but when it meets 
with a body moving with leſs force, it then carries 
this body along, and loſes as much motion as 1s 
transferred to it; and this is his third law of nature. 
He accounts for the hardneſs of bodies from their 
parts being quieſcent with reſpect to each other; and 
for fluidity, from their being moved perpetually * 
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all directions. He concludes the ſecond part of his 
book with telling us, that theſe principles are ſuffi- 
cient for explaining all the phænomena of nature, 
and that no other ought to be admitted or even 


wiſhed for. 


He afterwards proceeds to ſhew how the univerſe 
might have aſſumed its preſent form, and may be 
for ever preſerved, by mechanical principles, He 
ſuppoſes the particles of matter to have been angu- 
lar, ſo as to repleniſh ſpace without leaving any in- 
terſtices between them; and to have been in perpe- 
tual agitations, by which the angular parts being 
broke off, the particles themſelves became round, 
and formed what he calls the matter of the ſecond 
element. The angular parts, being ground into the 
molt ſubtile particles of all, became the matter of 
his firſt element, and ſerved to fill all the pores of 
the other. But there being more of this firſt ele- 
ment than was neceſſary for that purpoſe, it became 
accumulated in the centers of the vortices, of which 
he imagined the univerſe to conſiſt, and formed there 
the bodies of the ſun and ſtars. The heavens were 
filled with the matter of the ſecond element, the 
medium of light. But the planets and comets con- 
ſiſted of a third element groſſer than the other two, 
the generation of which he traces at length through 
all its ſteps. According to him, the matter of the 
firſt element muſt have conſtantly flowed out through 
the interſtices between the ſpherical particles of the 
ſecond element, where the circular motion is great- 


| eſt, and muſt have returned continually at the poles 


of this motion towards the centre of the vortex 
where being apt to cohere together, they at length 
produced the groſſer particles of the third; and 
when theſe came to adhere in a conſiderable quan- 
tity, they gave riſe to the ſpots on the furfaces of 
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the ſuns or ſtars. Some being cruſted over with 
ſuch ſpots became planets or comets z and the force 
of their rotation becoming languid, their vortices 
were abſorbed by ſome more potent neighbouring 
vortex, In this manner the ſolar ſyſtem was formed, 
the vortices of the ſecondary planets having been ab- 
ſorbed by the vortex of the primary, and all of them 
by that of the ſun. He contends that the parts of 
the ſolar vortex increaſe in denſity, but decreaſe in 
celerity, to a certain diſtance; beyond which he 
ſuppoſcs all the particles to be equal in magnitude, 
but to increaſe in celerity as they are farther from the 
ſun. In thoſe upper regions of the vortex he places 
the comets; in the lower parts he ranges the planets ; 
ſuppoſing thoſe that are more rare to be nearer the 
ſun, that they may correſpond to the denſity of the 
vortex where they are carried round. 


He accounts for the gravity of terreftrial bodies 


from the centrifugal force of the æther revolving 


round the earth; which, he imagined, muſt impell 
bodies downwards that have not ſo great a centri- 
fugal force, much in the ſame manner as a fluid im- 
pells a body upwards that is immerged in it, and 
has a leſs ſpecifical gravity than it. He pretended 
to explain the phenomena of the magnet, and to 
account for every thing in nature, from the ſame 
principles. 


2, There never was, perhaps, a more extrava- 
gant undertaking than ſuch an attempt, to deduce, 
by neceſſary conſequences, the whole fabric of na- 
ture, and a full explication of her phænomena, from 
any ideas we are able to form of an infinitely perfect 
Being. Was it not for the high reputation of the 
author, and of his ſyſtem, it would be hardly ex- 
cuſable to make any remarks upon ſuch a lay "+ 
| | Shou 
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Should we allow the principles he builds on, and his 
method, it muſt be obvious with how weak an evi- 
dence the conſequences are connected with each 
other, in this viſionary chain. How juſt a method 
he has taken to eſtabliſh the exiſtence and attributes 
of the Deity we ſhall not enquire, nor how far his 
making all truth and falſhood dependent on the will 
of the Deity tends to weaken all ſcience and con- 
found its principles. While he ſuppoſes extenſion 
to conſtitute the complete eſſence of matter, he ne- 
glects ſolidity, and the inertia by which it reſiſts any 
change in its ſtate of motion or reſt ; which diftin- 
guiſh body from ſpace. If extenſion be underſtood 
to be the eſſence of matter, it 1s a trifling propoſition 
to affirm that all ſpace is full of matter, according to 
this definition. But ſtill the queſtion will remain, 
whether all ſpace is full of that ſolid, moveable and 
reſiſting ſubſtance commonly called body, And as 
many parts of ſpace appear to make no ſenſible re- 
ſiſtance to motion, while others reſiſt variouſly in 


proportion to the denſity of the medium diffuſed 


over them, we thence learn there is ſpace void of 
what is commonly called matter. The comets which 
move with equal freedom in all directions with very 
rapid motions, and carry along with them tails of a 
prodigious ſize, conſiſting of ſome highly rarified 
matter, ſhew that the heavens are not repleniſhed 
with denſe fluids that admit no void, For it is evi- 
dent in experimental philoſophy that the reſiſtance 
of fluids increaſes, ceteris paribus, with their den- 
ſity; ſo that all motion would ſoon languiſh in a 
fluid, which, having no pores, muſt far ſurpaſs 
quick ſilver, or the heavieſt ſolids, in denſity, 
Nothing is more evident, than that the force requi- 
lite to move two equal bodies with a given velocity, 
is double that which would produce the ſame cele- 
rity in either of them. When we compound greater 

| F 4 bodies 


— —.— 2 — * — x 


— — — — 
—— L222 —ͤ —̃ 
— 


ED ox —ä— — 2 
| C | 33 


72 Sir IsAAc NEwTrox's Book J. 


bodies from leſſer, or when we reſolve them into 
their parts, we find that the reſiſtance or inertia in- 
creaſes or decreaſes in proportion to the quantity of 
matter. Therefore when the velocity is given, if a 
body moving in a denſer fluid diſplaces more matter 
to make way for itſelf, the reſiſtance which it meets 
with being equal to the motion communicated to the 
parts of the fluid, it muſt find a reſiſtance propor- 
tionally greater. 


It is not only from the free motions of the planets 
and comets that we learn the abſurdity of the doc- 
trine of an univerſal plenitude. The moſt common 
and plain phænomena of the motion of bodies, at 
or ncar the ſurface of the earth, are ſufficient to 
overthrow it; for we find that they meet with no 
ſenſible reſiſtance but from the air: whereas ſo denſe 
a fluid as would repleniſh all ſpace equally would ne- 
ceſſarily produce a very great reſiſtance, 


It is objected *, that by ſuppoſing this denſe fluid 
which repleniſhes ſpace to penetrate the pores of bo- 
dies with the utmoſt freedom, (as light paſſes through 
tranſparent bodies, and the magnetic and electric 
effluvia through moſt kinds of bodies) its reſiſtance 
will then be incomparably leſs than in proportion to 
its denſity ; for then the reſiſtance will not be mea- 
ſured by the denſity of the fluid, becauſe the much 
greater part paſſes through the pores of the body in 
motion, freely without reſiſtance, Suppoſing this 
to be admitted, it is, however, obvious that, even 
in this hypotheſis, the reſiſtance of a golden ball in 
a plenum would be ſtill very great. For this ſubtle 
fluid, how penetrating ſoever it be, muſt reſiſt the 


In a ſmall piece publiſhed on this ſubject, a few years ago, 


ſolid 


by an ingenious gentleman, 
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ſolid parts of the ball; which cannot move in the 
fluid without diſplacing its parts, and loſing as much 
motion. as muſt be communicated to thoſe parts 


and this reſiſtance depends on the quantity of ſolid 


arts in the ball : whereas the reſiſtance which the 


ame ball meets with in quick ſilver (which we ſu 


poſe to have no paſſage through the ball) depends on 


= che quantity of the ſolid parts in an equal bulk of the 
quick ſilver, which mult. be moved to make way for 
EX the ball. And this being leſs than the quantity of 
ſolid parts in an equal bulk of the golden ball, in 


proportion as the ſpecific gravity of quick ſilver is 


lcſs than that of gold, it follows that the reſiſtance 
of a golden ball, moving in ſuch a ſubtile pene- 
= trating plenum, would {till be greater than its reſiſt- 


ance in quick ſilver. To illuſtrate this farther, the 


= ſpecific gravity of gold being to that of quick ſilver 
£2 nearly as 195 to 140, ſuppoſe a golden ball conſiſt- 
ing of 195 ſolid particles to move in the plenum with 
Ja given velocity, and to deſcribe a very {mall ſpace ; 


and then ſuppoſe the ſame ball to move in quick 


ſilver with the ſame velocity over the ſame ſpace ; 


in the former caſe, the ſolid parts of the ball diſplace 
a certain quantity of the plenum, ſuppoſe a quantity 


equal to the ball, or 195 parts; in the latter caſe, 
they diſplace an equal bulk of the quick ſilver, that 
is, 140 ſolid particles. But becauſe it may be ſaid 


tor thoſe who maintain an univerſal plenitude, that 


che golden ball meets with a reſiſtance from the ſub- 
le fluid that repleniſhes ſpace, while it moves in the 
quick ſilver, as well as from the quick ſilver itſelf ; 
let this likewiſe be allowed, and let us even ſuppoſe 
it to meet with as much reſiſtance from the plenum, 
while it moves in the quick ſilver, as when it moves 
in a ſpace free from any groſs fluid; yet it will ſtill 
W appear that the reſiſtance of the golden ball in the 
Dienum ought to bear at leaſt as great a proportion 


tO 
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* 


to its reſiſtance in quick ſilver, as the denſity of gold 
is to the ſum of the denſities of gold and quick 
ſilver, or as 195 to 335, and conſequently ought to 
be eight times greater than its reſiſtance in water, 
This is the leaſt reſiſtance ſuch a ball could meet 
with in a plenum, ſhould we allow the ſuppoſitions 


4 
—_—— 


that are moſt tavourable in this doctrine; and this 


reſiſtance would ſoon put an end to the motions of 
bodies. But it is evident that we allowed too much 
in favour of their doctrine, when we ſuppoſed the 
ball moving in the quick ſilver to meet with a reſiſt. F 

ance equal to the ſum of the reſiſtances that it would 


meet with from the plenum and quick ſilver ſeparate. | 


ly. For, according to this ſuppoſition, its reſiſtance Þ 


in quick ſilver would be to its reſiſtance in water, as | 
the ſum of the denſities of gold and quick filver to 


the ſum of the denſities of gold and water, that is, 


as 335 to 205, or 67 to 41; ſo that the reſiſtance 


of quick ſilver would not be double of that of water, 


or even double of that of air; than which nothing 


can be more contradictory to experiment, 


It is of no importance to this argument how rare 
gold, quick ſilver, or the heavieſt bodies, be ſup- 
poſed; ſince the reſiſtance of quick ſilver in fact is 
known to be very great, and is not altered by ſuch 
ſuppoſitions : neither is the proportion of the denſity 
of gold to that of quick ſilver (upon which propor- 
tion the argument is founded) affected by them. 
For it will always be found that the reſiſtance of 2 
golden ball in a plenum (how freely ſoever it pa 
through the pores of the ball, and how large or 
numerous ſocver theſe pores may be) muſt corre- 
ſpond to the ſolid matter in the ball; which is 
greater than the ſolid matter in any equal bulk of 
any of our fluids; upon which their reſiſtance de- 
pends. The ſuppoſing the ſolid matter in the 1 

ilver 
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d giver to occupy only the thouſandth or millionth 
k part of its bulk, has no other effect but that it ſup- 
to poſes the inertia of a given quantity of ſolid matter 
er. to be increaſed in the ſame proportion with the rarity 
et of the quick ſilver, whoſe inertia is in fact aſcer- 
ns tained. 

nis | 

of WR The reſiſtance which ariſes from the tenacity or 


ch adheſion of the parts of fluids may be diminiſhed ; 
he but ſtill the reſiſtance which ariſes from the inertia of 
lt. Ithe matter remains: if this could be taken away, as 
id the matter would have no reſiſtance, ſo it is not eaſy 
te. to conceive bow it could have any activity or mecha- 
ace nical force to impell bodies, or to produce any of 
4% the effects which are attributed to the ſubtile matter 
to of the Carizfans. For action and reaction ar al- 
1, ways equal, and we know of no force in bodies but 
nce what ariſes from their reſiſtance to change their ſlate, 
er. For their inerlia. Without this there could be no 
ing g centrifugal force, the favourite power by which 

choſe philoſophers endeavour to explain the phæno- 
mena of nature. 


up- They ſuppoſe the particles of thoſe ſubtile fluids 
t sto move conſtantly and equally in all directions; 
and, by the favour of this hypotheſis, they imagine 
ſity BW that they may ſuppoſe them to act but not reſiſt. 

But they have neither made this ſtrange ſuppoſition 
probable, nor even credible, nor can they ſhew that 


fit would anſwer their purpoſe. A motion of a fluid 
pak favours the motion of a body in. it, only as far as it 
is in the fame direction; and an inteſtine motion of 
rre- 


the parts of the fluid, equal in all directions, can- 
not make the reſiſtance leſs. than if there was no mo- 
on of the parts. It is ſuppoſed by many that the 
particles of common fluids, water or air for exam- 
ple, are in a conſtant inteſtine motion; but this does 
0 not 
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not hinder thoſe fluids from reſiſting in proportion to 


their denſity. 


We are told by ſome, that it 1s impoſſible to con. ; 
ceive a vacuum. But this ſurely muſt proceed from 


þ LY * 2 * 
2 0 2 
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their having imbibed Des Cartes's doctrine, that the 


eſſence of body is conſtituted by extenſion ; as it 
would be contradictory to ſuppoſe ſpace without ex. 


tenſion, To ſuppoſe that there are fluids penetrating 


all bodies and repleniſhing ſpace, which neither reſi 
nor act upon bodies, merely in order to avoid the | 
admitting a vacuum, is feigning two ſorts of matter, 


without any neceſſity or foundation; or is tacitly 


giving up the queſtion. As for Mr. Leibnitz's at- | 


guments againſt a vacuum, we defer them till ve] 


come to conſider the emendations that have been 


made to this ſyſtem, 


The ſame quantity of motion is not always pre. 
ſerved in the univerſe, as Des Cartes raſhly concluded 


from the immutability of the Deity. The quantity 
of abſolute motion is continually varying; it is di- 
miniſhed in the compoſition of motion, and, in 
many caſes, in the colliſions of bodies that have an 
imperfect elaſticity ; and it is increaſed in the reſo- 
lution of motion, and, in ſome caſes, in the colli- 
ſions of elaſtic bodies. It requires an active prin- 
ciple to account for the hardneſs of bodies; and the 
particles being at reſt is not ſufficient for this pur- 
poſe; for this would not hinder them to be ſeparated 
from each other by the leaſt force. There is hardly 
one article in this ſcheme but what 1s, in like man- 
ner, liable to inſuperable difficulties. 


After all, Des Cartes ſaw the neceſſity of having 
recourſe to obſervation, tho' unwillingly; and he 
appears to be at a loſs how to acknowledge it, after 

having 
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Having boaſted ſo much of his principles. He tells 
us that he found theſe ſo extenſive and fertile “, that 
many more things followed from them than we find 
In the viſible world. Other philoſophers have com- 
plained that they were able to account for too little 
ok nature: Des Cartes finds that his principles were 
more than ſufficient to account for all her phæno- 
mena, and ſeems only to fear leſt he ſhould account 
o For too much. Therefore he has recourſe to the 
phænomena, not becauſe he would prove any thing 
From them; for he takes care that we ſhould not 
have ſo mean an opinion of his philoſophy, as to 
imagine he would eſtabliſn it on facts; but that he 
might be able to determine his mind to conſider 
Wome of thoſe innumerable effects, which he judged 
night proceed from the ſame cauſes, rather than 
ZSthers. He likewiſe acknowledges , that the ſame 
effect might be deduced, from his principles, many 
Hifferent ways; and that nothing perplexed him 
more than to know which of them obtained in na- 
ure. In thoſe paſſages he magnifies his principles, 
In order to conceal the weakneſs of his ſyſtem, with 
In affectation that only ſerves to make it more evi- 
ent, and appear unworthy of ſo great a man. 


= 3. Des Cartes, by placing the eſſence of matter in 
WExtenſion alone, gave occaſion to others to draw 


* He cites the effects, as he tells us, Non quidem ut ipſis 
Wanquam rationibus utamur ad aliquod probandum ; cupimus 
nim rationes effectuum a cauſis, non autem e contrario cauſa- 
um ab effectibus deducere; ſed tantum ut ex innumeris effecti- 
us, quos ab iiſdem cauſis produci poſſe judicamus, ad unos po- 
ius quam alios conſiderandos mentem noſtram determinemus. 
＋ Sed confiteri me etiam oportet potentiam naturæ eſſe adeo 
mplam, ut nullum fere amplius particularem effectum obſervem, 
duem ſtatim variis modis ex iis principiis deduci poſſe non agnoſ- 
am: nihilque ordinario mihi difficilius videri, quam invenire 
quo ex his modis inde dependet. Dr Metbodo, 5 6. 
con- 
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conſequences, from this doctrine, of a dangerous na- 
ture; which undoubtedly he would have diſowned, 
tho' *tis not eaſy to ſee how he could have got rid of 
them. As we are not able to conceive that ſpace 
can be annihilated, or that there ever was a time 
when ſpace or expanſion was not; ſo if we allow 
that extenſion alone conſtitutes the eſſence of matter, 
we cannot but aſcribe infinity, eternity, and neceſſary 
exiſtence to it. In this manner Spinoza reaſons from 
the Carięſian principles, affirming that matter is not 
only infinite and neceſſary, but alſo that it is one 
and indiviſible *, ** This, ſays he, cannot be de- 
c nied by thoſe who reject the poſſibility of a vacuum; 
„for if matter could be ſo divided that its parts 
& ſhould be really diſtinct, why might not one part 
be annihilated, the reſt remaining connected with 
« each other as before? fince of things which are 
e really diſtinct from each other, the one can exiſt 
&« and remain in its ſtate without the other.” In 
another place, he tells us, that if any one part of 
matter was annihilated, all extenſion would vaniſh 
with it T. This author appears to have been very 

con- 


Nam ſi ſubſtantia corporea ita poſſet dividi ut ejus partes 
realiter diſtintz eſſent, cur ergo una pars non poſſet annihilari 
manentibus reliquis, ut ante, inter ſe connexis? Et cur omres 
ita aptari debent ne detur vacuum? Sane, rerum quæ realiter ab 
invicem diſtinctæ ſunt, una fine alia eſſe & in ſuo ſtatu manere 
poteſt. Cum igitur vacuum in natura non detur, ſed omnes 
partes ita concurrere debent ut detur vacuum, ſequitur hinc 
etiam eaſdem non poſſe realiter diſtingui; hoc eſt, ſubſtantiam 
corpoream, quatenus ſubſtantia eſt, non poſſe dividi. Spinoz. 
Ethic. part 1. prop. 15. ſchol. 

+ Si una pars materiz annihilaretur, ſimul etiam tota exten- 
ſio evaneſceret. Epiſt. 4. ad Henr. Oldenb. 

From theſe and other paſſages it appears, that this author 
was unhappily miſled by the doctrine of Des Cartes, that the 
eſſence of matter is conſtituted by extenſion. It muſt be owned, 
however, that many of the Carteſians endeavoured to wraugle 


away the dreadful concluſion : but they had ſhortned their wort, 
an 
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converſant in the writings of Des Cartes t, the two 
firſt parts of whole principia he reduced into the geo- 
metrical form. Mr. Leibnitz himſelf calls ſpinoziſm 
un Cartefianiſme cuir; and it is apparent that his 
method, and many of his doctrines, were derived 
from this ſource. | | 


As Des Cartes had concluded, from the idea of 
an infinitely perfect neceſſarily- exiſting Being, that 
ſuch a Being muſt exiſt; fo Spinoza, from our having 
a true idea (that is a clear and diſtinct idea, as he 
himſelf explains it) of a ſubſtance, infers that it muſt 
neceſſarily exiſt * ; or, to uſe his own words, that its 
exiſtence as well as its eſſence muſt be an eternal 
truth, As Des Cartes pretended to deduce all the 
phznomena of nature from the nature and proper- 
ties of the firſt cauſe ; ſo Spinoza pretends, that all 
our knowledge is to be derived from true ideas (as 


be always calls them) and that thoſe true ideas ought 


and had proceeded on better grounds, if they had rejected the 
principle. Yer Spinozz, in his ſeventy-third letter, pretends to 
find fault with Des Cartes for defining matter by extenſion, 
which, according to him, ought to have been explained by an 
attribnte that ſhould expreſs an eſſential and infinite eſſence. 

ft Quum ille ſummo ſciendi amore arderet, quid in his ingenii 
vires valerent experiri decrevit. Ad hoc propoſitum urgendum 
ſcripta philoſophica nobiliſſimi & ſummi philoſophi NRenati Des 
e magno ei fuerunt adjumento. Spine. oper. poſth. 
prefat. | | 
Si quis dicerit ſe claram & diſtinctam, hoc eſt veram, ideam 
ſubſtantiæ habere, & nihilominus dubitare num talis ſubſtantia 
exiſtat, idem hercle eſſet ac fi diceret ſe veram habere ideam, 
& nilvlominus dubitare num falfa fit (ut ſatis attendenti fit mani- 
feſtum :) vel fi quis ſtatuat ſubſtantiam creari, ſimul ſtatuit ideam 
falizm factam eſſe veram ; quo ſane nihil abſurdius concipi po- 
teſt: adeoque fatendum neceſſario eft, ſubſtantiæ exiſtentiam 


hicut ejus eſſentiam æternam eſſe veritatem. Frhic. part . 
Prop. 8, ſchol. 2. 


to 
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to be produced by the mind , from that idea which 
repreſents the moſt perfect Being, the origin and 
fountain of nature. Des Cartes rejected the con- 
ſideration of final cauſes from philoſophy; and Spi 
noxa tells us they are nothing but human fiction +, 
and laughs at thoſe who imagine that the eyes were 
deſigned for ſeeing, or the ſun for giving light. He 
derives our notions of good and evil, order and con- 
fuſion, beauty and deformity, from the ſame ſource. 
As Des Cartes repreſented the univerſe as a machine 
that might have been produced at firſt, and may 
continue to exiſt for ever, by mechanical laws only, 
the ſame quantity of motion remaining always in it 
unalterable ; ſo Spinoza repreſented it as infinite and 
neceſſary, endowed always with the ſame quantity 
of motion, or (to uſe his inaccurate expreſſion *) 
having always the ſame proportion of motion to reſt 
in it, and proceeding by an abſolute natural necef- 
ſity z without any ſelt-mover or principle of liberty. 


In all theſe, Spinoza has added largely, from his 
own imagination, to what he had learned from 


+ Ut mens noſtra omnino referat naturz exemplar, debet 
omnes ſuas ideas producere ab ea quz refert originem & fontem 
totius naturæ, ut ipſa etiam fit fons ceterarum idearum. Sþinoz, 
de emendatione intellect. 


1 Ut jam oftendam naturam nullum fibi finem præſixum ha- ( 
bere, & omnes cauſas finales nihil niſi humana eſſe figmenta, non ( 
opus eſt multis, &c. Hoc adhuc addam, nempe hanc de fine | 
doctrinam naturam omnino evertere. Append. prop. 36. part 1, 7 
Ethic. | 
* Omnia corpora ab aliis circumcinguntur, & ab invicem de- 5 
terminantur ad exiſtendum & operandum, certa ac determinati 
ratione, ſervata ſemper in omnibus ſimul, hoc eſt in toto uni- 
verſo, eadem ratione motus ad quietem, Epi/t. 15 Corpus 
motum vel quieſcens ad motum vel quietem determinari debuit 
W 


ab alio corpore, quod etiam ad motum vel quietem determina- 
tum fuit ab alio, & illud iterum ab alio, & fic in infinitum- 
Ethic, part 2. prop. 13. lem. 3. 

Des 


Jes 


Chap. 4. PaiLosopnicat Discovertes: 81 


Des Cartes. But from a compariſon of their method 
and principles, we may beware of the danger of 
ſetting out in philoſophy in ſo high and preſumptuous 
a manner; while both pretend to deduce compleat 
ſyſtems from the clear or true ideas, which they 
imagined they had, of eternal eſſences and neceſſary 
cauſes, If we attend to the conſequences of ſuch 
principles, we ſhall the more willingly ſubmit to ex- 
perimental philoſophy, as the only fort that is ſuited 
to our faculties, Jt were unreaſonable to charge 
upon Des Cartes the impious conſequences which 
Spinoza may have been led into from his principles: 
but we cannot but obſerve, to the honour of Sir 
Tſaac Newton's philoſophy, that it altogether over- 
throws the foundation of Spinoza's doctrine, by 
ſhewing that not only there may be, but that there 
actually is a vacuum; and that, inſtead of an infinite, 
neceſſary, and indiviſible, plenitude, matter appears 
to occupy but a very ſmall portion of ſpace, and to 
have its parts actually divided and ſeparated from 


# each other. 


It would be of no uſe to give a more particular 
account of the ſyſtem of Spinoza; nor is it poſſible 


. to deſcribe fully, in an intelligible manner, ſo abſurd 


a doctrine. It is allowed even by thoſe who, on 
other occaſions, have ſhewn a diſpoſition towards 
ſcepticiſm, in relation to the foundations of natural 
religion, to be the moſt monſtrous that can be ima- 
gined; and to be fo oppoſite to the moſt evident 
notions we are able to form“, that no perſon of a 


right 


* Theſe are the words of Mr. Bayle in the article of Sinz; 
where he expoſes the abſurdities of this ſyſtem very clearly, and 
affirms that the weakeſt of its adverſaries was able to have over- 
turned it, Our view in giving ſome account of it, was not only 
to ihew che abſurd conſequences to which Des Cartes's TI 
cads, 
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right mind can be in hazard of giving into it. He 
pretends, indeed, to proceed in the geometrical me- 
thod and ſtyle; but while he aſſumes a definition of 
{ubſtance and of its attributes at his pleaſure, and 
paſſes from his definitions as true ideas (as he calls 
them) to the neceſſary exiſtence of the thing defined, 
by a pretended immediate conſequence, which he 


will not allow to be diſputed, his whole ſuperſtruc- 


ture appears a mere petitio principii or fiction. By 
his way of proceeding, any ſyſtem whatſoever might 
be eſtabliſhed, But it does not appear poſſible to 
invent another ſo abſurd, while he maintains that 
there is but one ſubſtance in the univerſe, endowed 
with infinite attributes, (particularly, infinite exten- 
ſion and cogitation) that produces all other things, 
in itſelf, neceſſarily, as its own modifications; which 
alone is, in all things, cauſe and effect, agent and 
patient, in all reſpects phyſical and moral, 


The Cartefian doctrine has been often altered, and 
variouſly mended, fince it was firſt propoſed by its 
author; and, for a hundred years together, many 
ingenious men have been making their utmoſt ef. 
forts to patch it up, and ſupport its credit, by re- 
forming firſt one part, and then new-modeling ano- 
ther part of this extenſive ſyſtem, But the founda- 
tion is ſo faulty, and the whole ſuperſtructure ſo 
erroneous, that it were much better to abandon the 
fabrick, and ſuffer the ruins to remain a memorial, 
in all time to come, of the folly of philoſophical 
preſumption and pride. 


leads, but likewiſe to trace Ss doctrine to its ſource (for 
the ſake of ſome who may have been miſled into a favourable 
opinion of it), which is no other than the Carteſtan fable; 0 
which almoſt every article has been diſproved by Sir Iſaac 


Mr 


Neauton, or others. 
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Mr. Leibnitz retained the Carteſan ſubtile matter, 

with the univerſal plenitude and vortices; and re— 
reſented the univerſe as a machine that ſhould pro- 
ceed for ever, by the laws of mechaniſm, in the moſt 
erfect ſtate, by an abſolute inviolable neceſſity; 
tho' in ſome things he differs tron Des Car es. At- 
ter Sir Iſaac Newton's philolophy was publiſhed (in 
1687), he printed an eſſay on the celeſtial motions 
(AF. Erudit. 1689) where he admits of the circu- 
lation of the ether with Des Cartes, and of gravity 
with Sir Iſaac Newton ;, but he never explained now 
theſe could be reconciled, and adjuſted together, fo 

as to account for the planetary revolutions ; or how 
gravity aroſe from the impulſe of this ether, Nor 
did he ſhew how his harmonical circulation of the 
ether could be reconciied with the law of the mo- 
tions of the ſeveral planets, in their reſpective orbits z 
which is very different from the law of the motions 
of the ſame planet, at its various diſtances from the 
fun, The angular velocity of any ont planet, de- 
creaſes from the peribe ium to the apbel um, in the 
ſame proportion as its diſtance from the ſun increaſes, 
and this is what he calls the harmonica] circulation. 


1 


LL 


0 If this law took place likewiſe in the motions of the 
. different planets compared together, throughout 


che ſyſtem, this hypotheſis, of their being carried 
along with a circulating ether, might appear more 
tolerable : but the velocities of the planets, at their 
mean diſtances, decreaſe in the ſame proportion as 
the ſquare-roots of the numbers which expreſs thoſe 
diſtances from the ſun. Neither did he ſhew how 
to reconcile this circulating motion of the ether with 
the free motions of the comets in all directions, or 
vich the obliquity of the planes in which the planets 
revolve to the equator of the ſun and to one ano- 
G 2 ther 3 
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ther; or reſolve the other objections to which this 
hypotheſis of a plenum and voriices is liable. 


Afterwards however, on occaſion of ſome diſputes 
that had ariſen concerning his title to the invention 
of the calculus of infiniteſimals, or method of 
fluxions, he appeared with great warmth againſt Sir 
Tſaac Newton's philoſophy, and placed himſelf at the 
head of its oppoſers. It is needleſs to inſiſt here on 
the paſſion and prejudices that his followers have 
expreſſed againſt it, and againſt thoſe that have ap- 
peared in its defence, It is better to forget theſe, 
and to confine a philoſophical diſpute to philoſophi- 
cal matters, 


Mr. Leibnitz's ſyſtem has been the more accept- 
able to many, becauſe, from the wiſdom and good- 
neſs of the Deity, he concluded the univerſe, upon 
the whole, to be a perfect work, or the beſt that 
could poſſibly have been made. This doctrine was 
very agreeable in all times to the philoſophers who 
acknowledged a ſupreme beneficent governor ; but 
the origin of evil perplexed them. The ſolution of 
this was what Socrates expected from the writings of 
Anaxagoras, but was diſappointed, The ſupreme 
Being, according to Timeus Locrus, was Jaiuapyts 
rd BeATiovog, Plato taught that the ſupreme gover- 
nor has diſpoſed and complicated all things for the 
happineſs and virtue of -the whole, and that our 
complaints are groundleſs, ariſing from our narrow 
views of things. Chry/ippus was of opinion“ that : 
| cou 


* Exiſtimat Chry/ppus non hoc fuiſſe naturz principale conl- 
lium ut faceret homines morbis obnoxios, nunquam enim bo 
conveniſſe naturæ auctori, parentique rerum omnium bonarums 
fed quum multa atque magna gigneret, pareretque aptiſſima 6 


utiliſima, alia quoque ſimul agnata ſunt incommoda iis = 
acic 
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could never have been the aim or firſt intention of 
the Author of nature, and parent of all good, to 
make men obnoxious to diſcaſes; but that while he 
was producing many excellent things, and forming 
his work in the beſt manner, other things allo aroſe, 
connected with them, that were incommodious; 
which were not made for their own ſakes, but per- 
mitted as neceſſary conſequences of what was beſt. 
Mr. Leibnitz has wrote at great length in defence of 
this doctrine, and has endeavoured to anſwer the 
objections that have been made againſt the perfection 
of the univerſe. 


But this learned author's ſpeculations, tho' they 
may perplex a cautious reader, cannot ſatisfy him. 
He propoſes two principles as the foundation of all 
our knowledge; the firſt, that it is impoſſible for a 
thing to be, and not to be at the ſame time, which, 
he ſays, is the foundation of ſpeculative truth. The 
other is, that nothing is without a ſufficient reaſon 
why it ſhould be fo rather than otherwiſe; and by 
this principle, according to him, we make a tranſi- 
tion from abſtracted truths to natural philoſophy. 
From this principle he concludes, that the mind 1s 
naturally determined, in its volitions or elections, by 
the greateſt apparent good; and that it is impoſſible 
to make a choice between things perfectly like, which 
he calls indiſcernibles; from whence he infers, that 
two things perfectly like could not have been pro- 
duced even by the Deity. For this reaſon, and 
other metaphyſical conſiderations, he rejects a va- 
cuum, the parts of which muſt be ſuppoſed perfectly 
like to each other. For the ſame reaſon he alſo re- 
jects atoms, and all ſimilar particles of matter; to 


faciebat cohzrentia z eaque non per naturam, ſed per ſequelas 
quaſdam neceſſarias, facta dicit, quod ipſe appellat x«Te raga- 
r Au. Gell, lib. 6. cap. 1. 
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each of which, tho” diviſible in infinitum, he aſcribes 
* a monad, or active kind of principle, in which, 
ſays he, are as it were perception and appetites, 
The eſſence of ſubſtance he places in action or acti- 
vity, or rather (as he expreſſes it) in ſomething that 
is between acting and the faculty of acting. He 
affirms abſolute reſt to be impoſſible, and holds mo- 
tion, or a ſort of iu, to be effential to all mate- 
rial ſubſtances. Each monad he deſcribes as repre- 
ſentative of the whole univerſe from its point of 
ſight; and, after all, in one of his letters tells us, 
that matter 1s not a ſubſtance, but a ſubſtantiatum, 
or phenomene bien jonde. 


Such are the doctrines and expreſſions of a philo- 
ſopher who valued himſelf upon his clear and ade- 
quate ideas, and ridiculed the metaphyſics of the 
Engliſh, as narrow, and founded on unadequate no- 
tions, The criterion of truth is uſually placed in 
clear and evident perception; but ſome philoſophers 
ſeem to vajue doctrines in proportion as they are 
obſcure, Who would imagine that, in natural phi- 
loſophy, ſuch arguments ſhould be preferred to the 
plaineſt facts and experiments for determining the 
queſtion concerning a vacuum? Let any man reflect 
on his own thoughts, from which only any notions 
we have of liberty (and conſequently of the divine 
liberty) can be derived; and if he is ſatisfied that 
he could chuſe between two deſirable things that ap- 


. pear equally good, rather than want both, ſuch ar- 


guments can have no force upon him, His diff 
culty ſeems ſtil] ro remain againſt the particles of 
matter, after all the pains he had taken to diſtinguiſh 
them by his monads ; for how ſhall we diſtinguiſh the 
monads themſelves? or if that may be practicable, 


* Ada Lipſiæ, 16,3, p. 425. 
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how ſhall we diſtinguiſh the ſame monad from itſelf, 
in all the moments of its exiſtence? If two things 
perfectly like to each other can exiſt in different 
times, ſurely they may exiſt in different places at the 
ſame time. This learned author appeared very 
averſe to thoſe doctrines which he imagined had a 
tendency to reſtore the exploded tenets of the ſcho- 
laſtic philoſophy ; yet theſe monads, as far as he has 
condeſcended to deſcribe them, appear to'be as in- 
comprehenſible as their ſubſtantial forms, entelecheta, 


or moſt occult qualities. 


| - 

He makes great uſe of a compariſon between the 
effects of oppoſite motives on the mind, and of 
weights placed in the ſcales of a ballance, or of 
powers acting upon the ſame body with contrary 
directions. His learned antagoniſt denies that there 
is a ſimilitude between a ballance moved by weights, 
and a mind acting upon the view of certain motives 
becauſe the one 1s entirely paſſive, and the other not 
only is acted upon, but acts alſo. The mind, he 
owns, 1s purely paſſive in receiving the impreſſion of 
the motive, which 1s only a perception, and is not 
to be confounded with the power of acting after, or 
in conſequence of, that perception. The difference 
between a man and a machine does not conſiſt only 
in ſenſation, and intelligence; but in this power of 
acting alſo. The ballance for want of this power 
cannot move at all, when the weights are equal: 
but a free agent, ſays he, when there appear two 
perfectly alike reaſonable ways of acting, has ſtill 
within itſelf a power of chuſing; and it may have 
ſtrong and very good reaſons not to forbear. It is 
cvident that as it is from internal conſciouſneſs I 
know any thing of liberty, ſo no aſſertion contrary 


to what I am conſcious of concerning it can be ad- 


nutted; and it were better perhaps to treat of this 
G 4 abſtruſe 
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abſtruſe ſubject after the manner of experimental 


philoſophy, than to fill a thouſand pages with meta- 
phy ſical diſcuſſions concerning it. t 


to leave this 
ſubject, the doctrine of liberty is ſo foreign to the 


queſtions concerning a vacuum and atoms, that it 
muſt appear a far-fetched uncommon ſtretch of me. 
taphyſics to pretend to determine them by it; and 
very unaccountable to refuſe the Deity the power of 
producing, by one act of his will, all the matter in 


the univerſe at once, tho' it ſhould be ſuppoſed per. 
fectly ſimilar and uniform. 


G. From the ſame principle, Mr. Leibnitz con- 
cluded, that the material ſyſtem is a machine abſo- 
lutely perfect, that can never fall into diforder, or 
require to be ſet right; and that to imagine that 
God interpoſes in it, is to leſſen the ſkill of the Au- 
thor, and the perfection of his work. 


But this is more than his own principles require. 
For tho' it ſhould be allowed that nothing is limited 
without a ſufficient reaſon; yet, upon the whole, it 
may be better that the Author of the world ſhould 
act immediately in it, cheriſhing and governing bis 
work, and ſometimes changing or renewing it. 
Can the beauty and perfection of the univerſe be 
the worſe for His acting in it, who mult be ſuppoſed 
to act always with perfect wiſdom? It was fit that 
there ſhould be, in general, a regularity and con- 
ſtancy in the courſe of nature; not only for the ſake 
of its greater beauty, but alſo for the ſake of intel- 
ligent agents, who without this could have had no 
foreſight, or occaſion for choice and wiſdom in 
judging of things by their conſequences, and no 
proper exerciſe for their other faculties. But tho' 
the courſe of nature was to be regular, it was not 
neceſſary that it ſhould be governed by thoſe princi- 


ples 
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ples only which ariſe from the various motions and 
modifications of unactive matter, by mechanical 
laws; and it had been incomparably inferior to what 
it is, in beauty and perfection, if it had been left 
to them only. 


Sir Iſaac Newton was of opinion that the fabrick 
of the univerſe, and courſe of nature, could not 
continue for ever in its preſent ſtate, but would re- 
quire, in proceſs of time, to be re-eſtabliſhed or re- 
newed by the ſame hand that formed it. Yet this 
philoſophy was condemned by Mr. Leibnitz as lead- 
ing to impiety 3 and, which is very ſurprizing, this 
particular doctrine was excepted againſt as having 
uch a tendency. He objected, that as a good artiſt 
made his workmanſhip as perfect as poſſible, fo it 


* argued a want of power or ſkill in the Author of 


the world, if it ſhould ever require to be reformed 
or wound up again. But Sir Iſaac Newton thought 
it altogether conſiſtent with the notion of a moſt 
perfect Being, and even more agreeable to it, to 
ipppoſe that he ſhould form his work dependent 
upon himſelf, ſo as after proper periods to model it 
anew, according to his infinite wiſdom. To exclude 
the Deity from aCting in the univerſe, and govern- 
ing it, is to exclude from it what is moſt perfect and 
beſt, the abſence of which no mechaniſm can ſup- 
ply, Such a doctrine could not have been propoſed 
by one of Mr. Leibnitz's ſentiments concerning the 
perfection of the univerſe, if he had not been miſ- 


led by an exceſſive fondneſs for neceſſity and me- 
chaniſm. 


The capital doctrine of this philoſophy that repre- 
ſents the univerſe as a perfect machine, ſuch as may 
continue for ever by mechanical laws in its preſent 
ſtate, is, that the ſame quantity of force and vigour 


remains 
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remains always in it, and paſſes from one portion of 
matter to another, without undergoing any change 
in the whole. Des Cartes maintained that the ſame 
quantity of motion is always preſerved in the uni- 
verſe. Spinoza called it the ſame proportion of mo- 
tion to reſt, Mr. Leibnitz diſtinguiſhed between 
the quantity of motion, and the force of bodies; 
he owns that the former varies, but maintains that 
the quantity of force 1s for ever the ſame in the uni- 
verſe: and yet there is no doctrine more repugnant 
to perpetual experience and common obſervation 
than this is, even tho* we ſhould meaſure the forces 
of bodies by the ſquares of the velocities, accordin 
to his doctrine, It all bodies in the world had a 
perfect elaſticity, there might be ſome pretence for 
maintaining this principle. But there never has been 
diſcovered as yet any one body, whoſe elaſticity is 
perfect ; and when any two bodies meet with equal 
motions, they rebound with leſs motions, and there 
is always force loſt by their colliſion ; and if the bo- 
dies are ſoft, they both ſtop, becauſe of the impe- 
netrability of their parts; or, to ſpeak in this au- 
thor's favourite ſtyle, becauſe there can be no ſuffi- 
cient reaſon why one of them ſhould prevail, rather 
than the other. In this caſe, their whole motion is 
loſt ; and the motion of the one being deſtroyed by 
the oppoſite motion of the other, it is without 
ground, and merely to ſave an hypothel's, that a 
fluid is imagined, which they feign to receive and 
retain the forces of thoſe bodies. When liberty is 
taken to ſupport one fiction by another, this by a 
third, and ſo on, any ſyſtem may be maintained. 
According to our firſt views of matter and motion, 
from the plaineſt experiments, matter appears to be 
an unactive ſubſtance of no elaſticity z yet they 
aſcribe a perfect elaſticity to all their ſubtile matter; 
and laws of motion are propoſed by them as general, 
3 which 
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which can hold of perfectly elaſtic bodies only, that 
is, of bodies not one of which has hitherto been 
found in nature. They have never been able to ex- 
plain how this perfect elaſticity ariſes from the laws 
of mechaniſm ; yet, according to them, the world 
is a mechanical perpetual movement, 


The genius of this kind of philoſophy appears on 
no occaſion ſo evidently, as from the arts which 
have been uſed to get rid of the inſuperable objec- 
tions againſt the vortices, To remove the difficulty 
a ſtep farther, or to involve the queſtion in obſcu- 
rity, new vortices are introduced in every infinitely 
ſmall particle of matter. From theſe, if there be 
occaſion, they will deſcend into another order infi- 
nitely leſs z and ſo on; for they expreſly pretend to 
take the ſame benefit from the infinite orders of infi- 
niteſimals, in philoſophy *, that 1s claimed by ſome 
late geometricians in the reſolution of their problems. 
Thus (as we obſerved elſewhere ) an abſurd philo- 
ſophy is the natural product of a vitiated geometry. 
For tho? it follows from our notion of magnitude, 
that it always conſiſts of parts, and is diviſible with- 
out end, yet an actual diviſion in infinitum is abſurd, 
and an infinitely little quantity (even in Mr. Leib- 


3 nitz's judgment. t) is a mere fiction. Philoſophers 


may allow themſelves to imagine likewiſe infinite 
orders of infinitely ſmall particles of matter, and 
ſuffer themſelves to be tranſported with the idea; 


but theſe illuſions are not ſupported by ſound geo- 


metry, nor agreeable to common ſenſe, After all 


that has been ſaid for the vortices, there is not one 


experiment to favour them; and ſome of the moſt 


® Mem. de PAcademie Royale des Sciences, 1729. 
f Treatiſe of Fluxions Introd. p. 47. 
} Ellay de Theogicee, F 70. 
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common and ſimple are againſt admitting ſuch fluids 
and their motions, 


We have another inſtance of the art by which 
they ſupport their ſchemes, in the pretended demon. 
ſtration they give againſt the poſſibility of atoms, or 
of any perfectly hard and inflexible bodies. Accord- 
ing to what they call the Jaw of continuity, all 
changes in nature are produced by inſenſible and in- 
finitely ſmall degrees; ſo that no body can, in any 
caſe, paſs from motion to reſt, or from reſt to mo- 
tion, without paſſing through all poſſible interme- 
diate degrees of motion; from which they conclude 
that atoms, or any perfectly hard bodies, are impoſ- 
ſible; becauſe if two of them ſhould meet with 
equal motions, in contrary directions, they would 
neceſſarily ſtop at once, in violation of the law of 
continuity *, But upon what grounds have they 
made this an univerſal law of nature? Tho' in 
common bodies (which are looſely compounded of 
particles that are themſelves compounded of others 
of a lower order, and ſo on; ſo that we cannot ar- 
rive at the elements, or atoms, till after we know 
not how many reſolutions) the parts yield in their 
colliſions, we cannot affirm this of the atoms or ul- 
timate elements themſelves. This yielding is a con- 
ſequence of the contexture of bodies, which have 
always much more of void interſtices than of ſolid 
matter, and conſiſt of particles that muſt be ſup- 

ſed to adhere to one another with a force incom- 
parably leſs than that by which the matter of the 


elementary particles themſelves holds together 7. 
The 


* Diſcours ſur le Mouvement, Paris 1726. 
+ The author of the above cited diſcourſe on motion, tell 
us, that if nature could paſs from a ſtate of motion to a ſtate of 


Aſt at once, without paſſing through the intermediate degrees of 
motion, 
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The truth is, they found it neceſſary to reject bodies 
of a perfect hardneſs; becauſe it was impoſſible to 
explain the effects of their colliſions, in a manner 
conſiſtent with the preſervation of the ſame quantity 
of force in the univerſe, or with their new doctrine, 
That the forces of bodies are as the ſquares of the velo- 
cities; and therefore they had recourſe to this new 
law of continuity to proſcribe them. If ſuch a body 
ſhould ſtrike another equal quieſcent body, of the 
ſame kind, the velocity of the firſt would be equally 
divided by the ſtroke between them; but if we mea- 
ſure the force by the ſquare of the velocity, each of 
them would have but one fourth part of the force of 
the firſt body; and both together would have but 
one half of its force; ſo that the other half would 
be neceſſarily loſt, without producing any ſort of 
effect. In order to get rid of objections of this kind, 
ſome of the favourers of the new doctrine, con- 
cerning the menſuration of the force of bodies, con- 
tent themſelves with obſerving, that no bodies of a 
perfect hardneſs have been found in nature; tho? 
there is the ſame objection againſt admitting and 
treating of bodies of a perfect elaſticity. But others 
boldly reject ſuch hard bodies as impoſſible, from 
thoſe far-fetched metaphyſical conſiderations we have 
deſcribed, How much they have endeavoured to 
perplex the theory of motion, in its plaineſt parts, 
_ a zeal for the ſame doctrine, will appear after- 
wards, 


motion, then one ſtate would be deſtroyed before nature could 
know what new ſtate ſhe ought to determine herſelf to; and 
asks how ſhe could then determine herſelf to any one ſtate rather 
than another? In anſwer, we need only obſerve, that to ceaſe 
to move is the ſame as to be at reſt, and that when the equal 
atoms ſtop each other at once, there is no interval between the 
ſtate of motion and that of reſt; and that when motion is de- 
ſtroyed, reſt neceſſarily enſues. 

The 
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The power of mechaniſm was never more mag- 
nified than by Mr. Leibnitz's famous docttine of a 
Fre-eſtabliſhed harmony, as he calls it. According to 
Des Cartes, the brutes were mere machines ; and this 
doctrine, to many, appeared incredible. But this 
is nothing in compariſon to what Mr, Leibniz would 
have us believe, when he tells us that the ſoul does not 
act on the body, nor the body on the ſoul; that 
both proceed by neceſſary laws, the ſoul in its per- 
ceptions and volitions, and the body in its motions, 
without affecting each other; but that each is to be 
conſidered as a ſeparate independent machine. The 
volitions of the mind are followed inſtantly by the 
deſired motions of the body, not in conſequence of 
thoſe volitions in the leaſt, but of the nice and well 
adjuſted machinery of the body, The impreſſions 
produced in the ſenſory have no effect on the mind, 
but the correſponding idea ariſes, at that preciſe 
time, in conſequence of a chain of cauſes of a diffe- 
rent kind. Thus all that men do or ſay, is no more 
than the effect of exquiſite machinery, according to 
him. But it is time for us to leave thoſe fictions, 
leſt the reader ſhould be tempted to think that all 
philoſophy is illuſion, 


CHAP. V. 
Concluſions from the foregoing obſervations. 


1. H E ſum of what we have obſerved is, that 
tho? theſe learned men may have ſhewn 
abundance of genius and invention in their writings ; 
yet they, and all others who have followed a like 
method, have begun at the wrong end, in tracing 
the chain of cauſes, and have attempted to form a 
ſcheme of philoſophy that tar ſurpaſſes the human 
. facul- 
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facultiess The eternal reaſons and primary cauſes 
of things, which they imagine they poſſeſs, rife in- 
finitely above them; while certain obfervation, and 


plain facts, perpetually appear in contradiction to 
their boaſted ſpeculations. | 


E We are to endeavour to riſe, from the effects 
EF thro? the intermediate cauſes, to the ſupreme cauſe. 
We are, from his works, to ſeck to know God, and 
not to pretend to mark out the ſcheme of his con- 
duct, in nature, from the very deficient ideas we 
* are able to form of that great myſterious Being. 
* Thus natural philoſophy may become a ſure baſis to 
natural religion, but it is very prepoſterous to de- 
duce natural philoſophy from any hypotheſis, tho? 
invented to make us imagine ourſelves poſſeſt of a 
more complete ſyſtem of metaphyſics, or contrived 
perhaps with a view to obviate more eaſtly ſome dif- 
# ficulties in natural theology. We may, at length, 
E reſt ſatisfied, that in natural philoſophy, truth is to 
be diſcovered by experiment and obſervation, with 
the aid of geometry, only; and that it is neceſſa 
S frſt to proceed by the method of analyſis, before 
we preſume to deliver any ſyſtem ſynthetically, 


We may alſo learn at length, from the bad ſuc- 
ceſs of ſo many fruitleſs attempts, to be leſs fond of 
perfect and finiſhed ſchemes of natural philoſophy 3 
to be willing to ſtop when we find we are not in a 
condition to proceed farther ; and to leave to poſte- 
rity to make greater advances, as time and obſerva- 
tion ſhall enable them. For we cannot doubt but 
that nature has diſcoveries in ſtore for future times 
alſo, which may be retarded by our raſh and ill- 
grounded anticipations. By procceding with due 
care, every age will add to the common ſtock of 
knowledge; the myſterics that {till lie concealed in 


nature 


2 >» 6 „ BD or 
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nature may be gradually opened, arts will flouriſh 
and increaſe, mankind will improve, and appear 
more worthy of their ſituation in the univerſe, ag 
they approach more towards a perfect knowledge of 
nature. L 


2. Twas thus the ſpeculative parts of the mathe. 
matics gradually aroſe, from ſmall begipnings, by 
the conſpiring labours of great men, in the diſtant 
ages of the world. The Egyptians began this 
ſcience, the Greeks purſued it, the Arabians preſerved 
it, when it was loſt in Europe, and ſet a high value 
upon it while their empire flouriſhed ; and ſince the 
late memorable reſtoration of letters in Europe, its 
great progrels has been the boaſt of modern learning, 
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The inundations of the Nile made it neceſſary for 
the Egyptians to invent ſome art by which they 
ſhould be able to meaſure their land, and to this, we 
are told, geometry owes 1ts origin and name. The 
prieſts of that country, abounding in leiſure and 
genius, improved it into a ſcience; and their kings 
wrote treatiſes upon it. - Thales brought the princi- 
ples of it into Greece, where it was ſo diligently cul- 
tivated that the elementary part was ſoon com- 
pleated, and was ſo highly eſteemed as to have the 
appellation of the mathemaia in a manner appro- 
priated to it. An oracle appointing the cubical altar 
of Apollo to be doubled was, we preſume, of greater 
advantage to geometry than to the Athenians then 
afflicted with the plague; as it gave occaſion to 
Plato to conſider the famous problem of the dupl- 
cation of the cube, and produced the ſolid geometry. 
It afterwards received great improvements from the 
incomparable Archimedes, who ſquared the area © 


the parabola, made ſome progreſs in the menfura- 
| | tion 
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tion of the circle, and enriched this ſcience with 


many diſcoveries worthy of ſo excellent a genius. 


It appears that it advanced but by degrees, and 
ſometimes by very ſlow ſteps: one, we are told, diſ- 


covered that the three angles of an equilateral tri- 
angle were equal to two right ones; another went 
EZ farther, and ſhewed the ſame thing of thoſe that 


have two ſides equal and are called z/o/ce/es triangles z 


EZ and it was a third who found that the theorem was 
general, and extended it to triangles of all forts “. 
In like manner, when the ſcience was farther ad- 
* vanced, and they came to treat of the conic ſections, 
the plane of the ſection was always ſuppoſed perpen- 
dicular to the ſide of the cone; the parabola was 
the only ſection that was conſidered in the right- 
© angled cone, the ellipſe in the acute-angled cone, 
and the hyperbola in the obtuſe-angled. From theſe 
three ſorts of cones, the figures of the ſections had 
their names, for a conſiderable time; till at length 

Apollonius ſhewed how they might be all cut out of 
any one cone, and by this diſgovery merited in thoſe 
days the appellation of the great geometrician. 


By ſuch ſteps this ſcience roſe, in proceſs of time, 


to that vaſt height for which it is admired, Pro- 
blems that appeared of an inſuperable difficulty in 
one age were reſolved in another, and, in a third, 
= vcre in a manner deſpiſed as too ſimple and ealy ; 
particular theorems were firſt inveſtigated that led to 
more extenſive diſcoveries z; laborious methods were 
followed, till others were found that were more ſim- 
ple and general; but the greateſt care was always 
Weaken of the certainty and evidence of the ſcience, 
s it was carried on. There was indeed a long 


* Procli Comment. in Euclidews. 


H inter- 


_ againſt common reaſon z while one ill- grounded 
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interval of many ages, between the period when it 
flouriſhed in Greece, and revived in Europe: but the 
antients, . having founded it on unexceptionable 
grounds, and carried it on with the utmoſt accuracy, 
when learning was reſtored, their works ſerved for 
a baſis, as well as for models, to the modern inven- 
tors. Thus the gradual progreſs of mankind in this 
ſcience appears ſimilar, in ſome reſpects, to the ad- 
vances of a man in vigour and knowledge. They 
firſt made eſſays of a weak and unexperienced 
ſtrength, which by degrees acquired more and more 
force, till at length, after the ſucceſsful labours of 
ſeveral ages, nothing ſeem'd too high for them. 


3. From what we have obſerved concerning the 
hiſtory of natural philoſophy, it may eaſily be un- 
derſtood why its progreſs has been ſo different; and 
whence it proceeds that we ſeldom have found in it, 
as in geometry, that pleaſing gradual riſe from ſmall 
beginnings to greater heights. Inſtead of ſearching 
into nature, men retired to contemplate their own 
thoughts; inſtead of tracing her operations, they 
gave their imaginations full play : where they ought 
to have heſitated, they decided ; and where there 
was no difficulty, they doubted, What was ſimple 
they divided, and defined what was plain; but in 
what was more intricate, the ſubterfuges of art were 
ſet up in oppoſition to nature, and captious ſcience 


maxim was imagined, to ſupport another, and fiftion 
was grafted on fiction. Hypotheſes were invented, 
not for reducing facts or obſervations of a compl- 
cated nature to rules and order, (for which purpoſe 
they may be of ſervice) but as principles of ſcience. 
Theſe were of ſo great authority as not to be over- 
turned by contradictory obſervations, or by the ex- 
travagant conſequences that aroſe from them; cf 
tli 
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the author, charm'd with his rhapſody, proceeded, 
without minding theſe, to the concluſion of his 
fable. 


® Thus one age or ſect could not but deſtroy, for 
the moſt part, the labours of another. Sometimes 
the numbers and harmony of the Pythagoreans ſerved 

for explaining what was moſt myſterious in nature z 

the ideas of Plato, the matter and form of Ariſtotle 

| IT prevailed in their turn; but theſe were of uſe only 
do veil the ignorance of men. Epicurus employed 
| W775 his philoſophy to overthrow the plain and evident 
dictates of ſenſe and reaſon ; yet diſciples were not 
wanting to ſupport and adorn ſo abſurd a ſcheme. 

e The Sceptics went into the oppoſite extreme, and 
became ſo fond of darkneſs that they would not ſee 
the light tho* never ſo clear; and ſome of them 
& choſe rather to doubt that they doubted, than to ac- 
knowledge any thing; yet they too had numerous 
We followers, Afterwards philoſophy was in no eſteem 
but as far as it ſerved, by a perplexed and falſe gloſs, 
to promote the ends of ſuperſtition. Of late, the 
Wy pretended clear ideas of Des Cartes, and metaphyſi- 


re cal ſpeculations of Mr. Leibnitz, have been received 
Jl by many for true philoſophy ; not to mention the 
in extravagancies of Spinoza, and a thouſand crude no- 
ere tions that deſerve no memory. 


We have ſeen, in the foregoing account of the 
ſtate of philoſophy in different periods, that they 
ho have indulged themſelves in inventing ſyſtems 
Ind compleating them, tho' they have ſometimes 
Et out in a manner that has appeared plauſible, yet, 
n purſuing thoſe ſchemes, ſuch conſequences have 
riſen as could not fail to diſguſt all bur ſuch as were 
ntoxicated with the deceit. Some, from their fond- 
| H 2 neſs 
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neſs to explain all things by mechaniſm, have been 
led to exclude every thing but matter and motion 
out of the univerſe: others, from a contrary diſpo- 
ſition, admit nothing but perceptions, and things 
which perceive ; and ſome have purſued this way of 
reaſoning, till they have admitted nothing but their 
own perceptions. Others, while they overlook the 
intermediate links in the chain of cauſes, and haſtily 
reſolve every principle into the immediate influence 
of the firſt cauſe, impair the beauty of nature, put 
an end to our enquiries into the moſt ſublime part of 
philoſophy, and hurt thoſe very intereſts which they 
would promote. In framing thoſe ſyſtems, he who 
has proſecuted each of them fartheſt has done this 
valuable ſervice, that, while he vainly imagined he 
improved or compleated it, he really opened up the 
fallacy, and reduced 1t to an abſurdity. Many who 
ſuffered themſelves to be pleaſed with Des Cartes's 
fable, were put to a ſtand by Spinoza's impieties. 
Many went along with Mr. Leibnitz's ſcheme of ab- 
ſolute neceſſity, but demurred at his monads and 
Pre- eſtabliſbed harmony. And ſome, willing to give 
up the reality of matter, could not think of giving 
up their own and other minds. 


The variety of opinions and perpetual diſputes 
amongſt philoſophers has induced not a few, of late 
as well as in former times, to think that it was vain 
labour to endeavour to acquire certainty in natura 
knowledge, and to aſcribe this to ſome unavoidable 
defect in the principles of the ſcience. But it has 
appeared ſufficiently, fror: the diſcoveries of thoſe 
who have conſulted nature and not their own imagi- 
nations, and particularly from what we learn from 
Sir Iſaac Newton, that the fault has lain in the phi: 
loſophers themſelves, and not in philoſophy. 4 
com- 
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compleat ſyſtem indeed was not to be expected from 
one man, or one age, or perhaps from the greateſt 
number of ages; could we have expected it from 
the abilities of any one man, we ſurely ſhould have 
had it from Sir Jaac Newton : but he ſaw too far 
into nature to attempt it. How far he has carried 
this work, and what are the moſt important of his 
diſcoveries, we now proceed to conſider, 
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BOOK U. 


Of the theory of motion, or rational mechanics, 


S 


Of ſpace, time, matter, and motion. 
S we are certain of our own exiſtence, and 
of that of our ideas, by internal conſci- 


JI. 

A ouſneſs; ſo we are ſatisfied, by the ſame 
conſciouſneſs, that there are objects, powers, or cauſes 
without us, and that act upon us. For in many of 
our ideas, particularly thoſe that are accompanied 
with pain, the mind muſt be paſſive, and receive 
the impreſſions which are involuntary) from exter- 
nal cauſes or inſtruments, that depend not upon us. 
We eaſily diſtinguiſh theſe objects into two general 
claſſes, The firſt 1s of thoſe which we perceive to 
have a ſpontaneity, or ſelf-moving power, and ſeveral 
properties and affections ſimilar to thoſe of our own 
minds, ſuch as reaſoning, judging, willing, loving, 
hating, &c. The ſecond general claſs is of [thoſe 
in which no ſuch affections appear, but which are ſo 
far of a paſſive nature, that they never move of 
themſelves, neither, when they are in motion, do 
they ever ſtop without ſome external influence, If 
one of theſe move out of its place,- without the ap- 
pearance of a mover, we immediately conclude that 
this 1s owing to ſome inviſible agent ; ſo much are 
we perſuaded of its own inertia. If we lay up one 
of them in any place, we expect to find it there at 

any 
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any diſtance of time, if no other powers have had 
acceſs to it. This paſſive nature, or inertia, is what 
chiefly diſtinguiſhes the ſecond claſs of external ob- 
jects, which is called body or matter; as the former 
is called mind or ſpirit, 


2. How external objects, of either claſs, act upon 
the mind, by producing ſo great a variety of im- 
preſſions or ideas, is not our buſineſs at preſent to 
enquire : neither is it neceſſary for us to determine 
how exact or perfect the reſemblance may be be- 
tween our ideas and the objects or ſubſtances they 
repreſent, In our ideas which are repetitions of 
other ideas, we find very different degrees of reſem- 
blance between them and thoſe of which they are 
repetitions. The idea we form in our imagination 
of a perſon, place, or figure which we have often 
ſeen, has a much more perfect reſemblance to the 
impreſſion we receive from ſenſe, than the idea we 
are able in our imagination to form of pain, as to 
the ſenſation we have felt of it. And as it is no 
objection againſt the exiſtence of the ſouls of other 
men, that they may be very different from the no- 
tion or conception we may have formed of them; 
ſo it is no juſt reaſon againſt admitting the exiſtence 
of body, that its inward eſſence, or ſubſtratum, may 
be very different from any thing we know of it. 
It is, however, rating our ideas of external objects 
by much too low, to compare them to words or 
arbitrary ſigns, ſerving only to dittinguiſh them from 
each other. For it is from our ideas of them that 
we learn their properties, relations, and their in- 
fluences upon each other, and upon our minds and 
thoſe of others, and acquire uſeful knowledge con- 
cerning them and ourſelves. For example, by com- 
paring and examining our ideas, we judge of order 
and confuſion, beauty and deformity, fitneſs and 
H 4 unfit- 
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unfitneſs, in things. The ideas of number and pro. 
portion, upon which fo uſeful and extenſive ſciences 
are founded, have the ſame origin. 


3. The mind 1s intimately conſcious of its own 
activity in reflecting upon its ideas, in examining and 
ranging them, in forming ſuch as are complex from 
the more ſimple, in reaſoning from them, and in its 
elections and determinations. From this, as well as 
from the influence of external objects upon the 
mind, and from the courſe of nature, it eaſily ac- 
quires the ideas of cauſe and effect. When a 
figure deſcribed upon a board produces a ſimilar idea 
or impreſſion on all thoſe who ſee it, it is as natural 
to aſcribe this to ond cauſe, as, when we ſpeak to a 
numerous audience, the effect of the diſcourſe is to 
be aſcribed to us; tho' we may be unable to explain 
how che impreſſion of the figure is communicated to 
the ſcvcral ſpectators, or the diſcourſe to the hearers, 
It were ealy to make many more remarks on the 
philoſophy of thoſe whoſe principles would lead them 
to maintain, that external objects vary with our pre- 
ceptions, and that the object is always different when 
perccived by different minds, or by the ſame perſon 
at different times, or in different circumſtances. It 
will not be expected from us that we ſhould enter 
farther, in a treatiſe of this kind, into the examina- 
tion of doctrines as fruitleſs as they are extravagant. 


4. Body not only never changes its ſtate of itſelf, 
in conſequence of its paſſive nature or inertia, but 
it alſo reſiſts when any ſuch change is produced: 
when at reſt, it is not put in motion without diffi- 
culty; and when in motion, it requires a certain 
force to ſtop it. This force with which it endea- 
vours to perſevere in its ſtate, and reſiſts any change, 


is called its vis inertiæ; and ariſes from the — 
0 
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of its parts, being always proportional to the quan- 
tity of matter in the body ; inſomuch that it is by 
this inertia only we are able to judge of the quantity 
of matter. And this judgment 1s well founded, 
becauſe we conſtantly find that when we double or 
triple a body, or increaſe or diminiſh it in any pro- 
portion, we mult double or triple the force that is 
requiſite to move it with the ſame celerity, or in- 
creaſe or diminiſh it in the ſame proportion with the 
body, If the ſolid, uncompounded particles void 
of pores, of equal bulk, have their inertia equal, 
then this muſt be accurately true : but if matter be 
of kinds fo different from each other, that the ſolid 
elementary particles of the one have a greater inertia 
than equal ſolid elementary particles of the other 
kind, then it is only when we compare thoſe of the 
ſame kind, that we can affirm the inertia to be pro- 
portional to the quantity of matter, Such different 
kinds of matter may exiſt for ought we know ; but 
it is by diminiſhing or increaſing the number or 
dimenſions of the pores of bodies that they are 
condenſed or rarified, according to our experience, 


and thereby the inertia of a given bulk increaſed or 
diminiſhed, 


5. Space 1s extended without limits, immoveable, 
uniform and ſimilar in all its parts, and void of all 
reſiſtance. It conſiſts indeed of parts which may be 
diſtinguiſhed into other parts, leſs and leſs, without 
end, but cannot be ſeparated from each other, and 
have their ſituation and diſtances changed, 


6. Body is extended in ſpace, moveable, bounded 
by figure, ſolid, and impenetrable, reſiſting by its 
inertia, diviſible into parts, leſs and leſs, without end, 
that may be ſeparated from each other and have their 
ſituation or diſtances changed in any manner. 


7. 
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7. From the ſucceſſion of our own ideas, and 
from the ſucceſſive variations of external objects in 
the courſe of nature, we eaſily acquire the ideas of 
duration and time, and of their meaſures. We con- 
ceive true or abſolute time, to flow uniformly in an 
unchangeable courſe, which alone ſerves to meaſure 
with exactneſs the changes of all other things. For 
unleſs we correct the vulgar meaſures of time, which 
are groſs and inaccurate, by proper equations, (as in 
predicting the eclipſes of the ſatellites of Jupiter, and 
moſt other aſtronomical phænomena) the conclu- 
ſions are always found inaccurate and erroneous: 
and however various the flux of time may appear to 
different intellectual beings, it cannot, at leaſt, be 
thought to depend upon the ideas of any created 
being. Time may be conceived to be divided into 
ſucceſſive parts that may be leſs and leſs without end; 
tho', with reſpect to any one particular being, there 
may be a leaſt ſenſible time, as well as a minimun 


ſenſibile in other magnitudes. 


8. Motion is the change of place; that is, of the 
part of ſpace which the body occupies, or in which 
it is extended. The motion is real or abſolute, when 
the body changes its place in abſolute ſpace. It is 
called relative, when the body changes its place with 
relation only to ambient bodies; and it is apparent 
motion, when the body changes its ſituation with 
reſpect to other bodies that appear to us to be at reſt, 
The parts of abſolute ſpace not being the objects of 
our ſenſes, it is one of the great difficulties in philo- 
ſophy to diſtinguiſh which motions are true and real, 
and which are apparent only. However, philoſo- 
phers by proper care are often able to effect this, by 
arguing juſtly from the cauſes of the motion when 


known, or from their properties and effects. A real 


circu- 
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circular motion, for example, is always accompa- 
nied with a centrifugal force, ariſing from the ten- 
dency which a body always has to proceed in a right 
line. Thus, from the centrifugal force which, at 
the æquator, diminiſhes the gravity and retards the 
motion of the pendulum, ſo that it moves more 
ſlowly there than towards either pole, we have a 
proof of the carth's diurnal rotation on its axis. At 
the ſame time, the diurnal revolution of the hea- 
venly bodies about the earth muſt be apparent only; 
ſince if it was real, an immenſe centrifugal force 
would thence ariſe, which could not but diſcover it- 
ſelf; becauſe they move in free ſpaces, and the 
ſolid orbs have been exploded upon the moſt evident 
grounds, 


9. I know that ſome metaphyſicians of great cha- 
racter condemn the notion of abſolute ſpace, and ac- 
cuſe mathematicians in this of realizing too much 
their ideas : but if thoſe philoſophers would give due 
attention to the phenomena of motion, they would 
ſee how ill grounded their complaint is, From the 
obſervation of nature, we all know that there is mo- 
tion; that a body in motion perſeveres in that ſtate, 
till by the action or influence of ſome power it be 
neceſſitated to change it; that it is not in relative or 
apparent motion in which it perſeveres, in conſe- 
quence of its inertia, but in real and abſolute motion. 
Thus the apparent diurnal motion of the ſtars would 
ceaſe, without the leaſt power or force acting upon 
them, if the motion of the earth was ſtopt ; and if 
the apparent motion of any ſtar was deſtroyed by a 
contrary motion impreſſed upon it, the other celeſtial 
bodies would till appear to perſevere in their courſe, 
the centrifugal force at the æquator would ſtill ſub- 
iſt, with the ſpheroidical figure of the fluid ocean; 
the conſequences of the real motion of the earth 


upon 
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upon its axis. They who are not well acquainted 
with the theory of motion, more eaſily allow that x 
body at reſt continues at reſt, in conſequence of itz 
paſſive nature or inertia, than that when in motion 
it continues in motion: but this perſeverance of x 
body in a ſtate of reſt can only 12 place with re. 
lation to abſolute ſpace, and can only be intelligible 
by admitting it. When a topp turns upon a ſmall 
pivot, its circular motion will continue ſmooth for a 
long time, but any body placed upon its ſurface does 
not continue in that place, but immediately flies off. 
When a ſhip moves ſteadily, any body placed in the 
cabin continues in its place, as if the whole was at 
reſt ; but when the motion of the ſhip is ſtopt, the 
body flies off in the direCtion of its former motion; 
for, in conſequence of its inertia, it endeavours to 
perſevere, not in its ſtate of reſt in the ſhip, but in 
its ſtate of motion or reſt with regard to abſolute 
ſpace. It were eaſy to enlarge on this ſubject, and 
to ſhew that there is no explaining the phenomena 
of nature without allowing a real diſtinction between 
true, or real, and apparent motion, and between ab- 
ſolute and relative ſpace. Whatever thoſe philoſo- 
phers may pretend, we have no clearer idea than of 
ſpace z and tho* ſome puzzling diſputes may ariſe in 
ſome of our enquiries concerning it, this is what we 
meet with in all our enquiries into nature; our know- 
ledge of which we ought to take care to have as 
clear and well founded as poſſible, tho? it is in vain 


to pretend to make it complete and perfect; as we 
obſerved in the firſt book. 


10. Body being diſtinguiſhed from ſpace by its 
vis inertiæ or reſiſtance, it is an obvious ſuggeſtion 
of common ſenſe that all ſpace is not equally full of 
matter; and it is the reſult of philoſophical enqu 
ries, that the ſolid matter in the denſeſt bodies bears 
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W 2 ſmall: proportion to their whole bulk. The rays 
of light find a paſſage through a glaſs globe in all 
W directions, which argues the great rarity of the 
globe, as well as the ſubtility of light. The ſame 
zs to be ſaid of the magnetic and electric efluvia, 
and of the ſubtile matter that pervades the pores of 
bodies with great freedom in chymical experiments. 
As for thoſe fluids which philoſophers have invented, 
in order to repleniſh the pores of bodies, ſo as to 
W exclude a void out of the univerſe, we made ſome 
E obſervations upon them in the firſt book; and we 
may have occaſion afterwards to ſhew how improper 
they are for accounting for the phænomena which 
have been aſcribed to them. 


= 11. Space and time ſerve to meaſure each other, 
reciprocally, by motion: time is in a perpetual flux 
and periſhing ; but a repreſentation of it is preſerved 
in the ſpace deſcribed by the motion. When the 
ſpace flows as the time, that is, when equal parts of 
W ſpace are deſcribed in any equal parts of the time, 
W then the motion is uniform, and the velocity is con- 
W ſtant or unvaried during the motion. When the 
parts of ſpace, deſcribed in any equal ſucceſſive parts 
of the time, continually increaſe, the motion is ac- 
celerated; and when thoſe parts of ſpace continually 
decreaſe, the motion is retarded. In general, the 
velocity of motion is always meaſured by the ſpace 
that would be deſcribed by that motion continued 
uniformly for a given time. It is obvious that the 
ſpace, deſcribed by an uniform motion, is in the 
compound proportion of the time and velocity of 
the motion: but in general, let a B, (Fig. 1.) the 
baſe of a figure, repreſent the time of a motion, and 
the ordinate or perpendicular y M, at any point v of 
the baſe, meaſure the velocity at the correſponding 
term of time, (that is, the ſpace which would 20 

i = 
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deſcribed by the motion continued uniformly from 
that term for a given time) then the area of the 
figure ABD fo formed will meaſure the ſpace de. 
ſcribed by the motion, in the time repreſented by the 
baſe a B, Thus a rectangular parallelogram {ſerves 
to meaſure the ſpace deſcribed by an uniform mo- 
tion, the time being repreſented by the baſe, and the 
conſtant velocity of the motion by the perpendicu- 
lar. The ſpace deſcribed by a motion which is uni- 
formly accelerated (the velocity of which increaſe, 
uniformly as the time, that is, receives equal aug. 
ments in any equal ſucceſſive parts of time) is repre. 
ſented by a triangle; the time being repreſented by 
the baſe, and the increaſing velocity by the perpen- 
dicular, which increaſes in the ſame proportion as 
the baſe, Becaule the triangle is the half of a paral- 
lelogram of the ſame baſe and altitude, the ſpace 
deſcribed by a motion uniformly accelerated, during 
any time, from the beginning of the motion, is one 
half of what would have been deſcribed if the mo- 
tion had been uniform, and the velocity had been 
the ſame as is acquired at the end of that time. 
Becauſe ſimilar triangles are as the ſquares of their 
analogous ſides, the ſpaces deſcribed by a motion 
uniformly accelerated, being meaſured by ſuch tri- 
angles, are as the ſquares of the times from the be. 
ginning of the motion; or as the ſquares of the ve- 
locities acquired at the end of thoſe times, The 
ſpaces deſcribed by motions uniformly retarded are 
meaſured in the ſame manner ; only the times and 
velocities are to be taken in a contrary order, till the 
extinction of the motion. In other caſes, the ſpaces 
are meaſured by curvilinear areas. And becauſe 
there are areas whoſe ordinates decreaſe in ſuch 2 
manner, that tho* the figure be produced indefinite- 
ly, the area never amounts to a certain finite ſpace; 


it appears that the velocities of a retarded motion 
may 
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may decreaſe in ſuch a manner, that, tho* the mo- 
tion was continued ever ſo long, yet the ſpace de- 
ſcribed by it ſhould not exceed any certain given 
ine. For example, if the velocity during the firſt 
E hour be double of what it is in the ſecond hour, and 

© this be reduced to its half in the third hour, and ſo 
on for ever, then the ſpace deſcribed by this motion, 
EZ tho! it was to continue for the greateſt number of 
ages, will never amount to the double of the line 
© deſcribed in the firſt hour. 


12. The quantity of motion in a body being the 
BZ ſum of the motions of its parts, is in the com- 
# pounded ratio of its quantity of matter and of the 
velocity of the motion, If the body a, of a quan- 
S tity of matter repreſented by 2, moves with a velo- 
city repreſented by 3, and the body 3, repreſented 
by 3, moves with a velocity repreſented by 4; then 
the quantity of motion of A, ſhall be to the quan- 
tity of motion of 3, in the compounded ratio of 2 
to 3 and of 5 to 4, that is as 2X5 to 3X4, or as 
10 to 12. There appears to be no ground for 
making a diſtinction between the quantity of motion 
Wand the force of a body in motion; as all the power 
or activity of body ariſes from and depends upon its 
motion. We are not, however, to expect that all 
e effects of the motion of bodies ſhould be pro- 
Wportional ta the quantity of motion, unleſs a due 
W<gard be had to the time of the motion, and to the 
Wirection in which it acts, according to the true 
principles of mechanics. A body, in conſequence 
df its uniform motion, deſcribes a certain ſpace in a 
Eerain time; but there is no ſpace ſo great that may 
Pot be deſcribed by it, if the time be not limited. 
ben a body acts upon another body, the effect is 
ery different according to the direction in which it 
ts, How neceſſary it is to have regard to theſe, 
| in 
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in determining the effects of the motions and action 


of bodies, will appear more fully in the next 


chapter. 


13. When a body tends to move, but is hindered 
by ſome obſtacle, this tendency 1s called preſſure 
It is not to be compared with the force of a body 
in motion, no more than a line is to be compared 
with the rectangle that is generated by it. Of thi 
kind is the gravity of a body that reſts and preſſes 
upon a table, or of water upon the bottom of x 
veſſel, or of air upon the fails of a ſhip, When the 
obſtacle is removed, the continual action of the preſ 
ſure generates motion in the body, in any finite time, 
Thus gravity accelerates the motion of falling bo. 
dies, by acting inceſſantly upon them. When a 
orifice is opened in the bottom of a veſſel, the preſ 
ſure of the fluid accelerates the motion of the iſſuing 
water, and, in an exceeding little time, brings it 
velocity to a height. When the wind acts upon the 
fails of a ſhip, it accelerates her motion for ſome 
time, till the reſiſtance of the water (which increaſes 
with the increaſing velocity of the ſhip) ballancz 
the action of the wind; after which her motion be 
comes uniform. In theſe, and all ſuch other in 
ſtances, the motion begins from nothing; and its 
in conſequence of the continual inceſſant action d 
the power or preſſure, that the velocity, generatcl 
in any finite time, is finite. If we were to ſuppol 
that each action of the power produced a finite aug 
mentation of velocity, the motion acquired in tt 
leaſt finite time would be infinite, or ſurpaſs a 
aſſignable velocity; as we have demonſtrated ell 


where “. 


* See the Treatiſe of Fluxions, & 44. 
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14. Gravity is the beſt known to us of all thoſe 
powers or preſſures, Becauſe all bodies deſcend with 
equal velocity in a void, the gravity of bodies muſt 
be proportional to their quantity of matter; and de- 
pends not upon the figure or texture of the parts, 
but upon their ſolid matter only. This 1s evident by 
experiments of the motion of pendulums, made 

wich the greateſt exactneſs. For when the lengths 
of the pendulums are equal, bodies of very different 
bulks, and different internal and external texture, 
perform their vibrations in times exactly equal in 
equal arcs, keeping always pace together, and ac- 
quiring always equal velocities at the corteſponding 
points of thoſe arcs, unleſs ſo far as the reſiſtance of 
the air acts upon them unequally. In the common 
buſineſs of life, the quantity of matter of bodies has 
been always meafured out by their weight; tho” the 
WT influence of the air is various in its different ſtares, 
W and Tenders this menſuration ſomewhat unaccurate in 
WS things of great value. Tho' the gravity of bodies 
W really ariſes from their gravitation towards the ſeveral 
parts of the earth (as will appear afterwards) yet, 
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5 We becauſe this power acts around in all parts, and its 
„ A <rection is nearly towards the centre of the earth, 
- it is therefore called a centripetal force. We ſhall, 
- terwards, ſhew that ſimilar centriperal forces tend 
cs the fun and planets. Theſe forces are of three 
io! F105 : the abſolute force is meaſured by the motion 
of WE =: would be produced by it in a given body, at 4 
en diſtance; For example, the abſofute centri- 
+ AP <ca] force tending towards the fun is to that which 
uf ends toward the earth, as the motion which would 
ee e produced by the force tending toward the ſun in 


given body, at a given diſtance without the ſun's 
body, is to the motion which would be produced by 
he force tending towards the earth in an equal body, 
an equal diſtance from it. As Wacn we compare 

a the 
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the forces of two magnets, we muſt compare their 
effects at equal diſtances; ſo when we compare the 
abſolute forces which tend to the central bodies, the 
compariſon cannot be juſt unleſs it be from effects 
produced when the circumſtances are alike, 


The ſecond fort of centripetal force is the accele. 
rating force, which is meaſured by the velocity gene- 
rated by it in a given time, and is different at diffe- 
rent diſtances from the ſame central body, but de- 
pends not on the quantity of matter of the body that 
gravitates, being equal in all ſorts of bodies at equal 
diſtances from the centre. The third ſort is the 
weight, or the vis motrix, and is meaſured by the 
quantity of motion that is generated in a heavy body 
in a given time; and differs from the accelerating 
force in the ſame manner as motion differs from 
velocity. 


15. Becauſe the power of gravity is ſo well known 
to us, when we enquire into other powers, we en- 
deavour to compare them with that of gravity, and 
to determine their proportion, We find a great 
variety of powers analogous to it in nature; ſuch as 
that by which the particles of fluids form themſelves 
into drops ; that by which the parts of hard bodies 
cohere together; that by which the rays of light, in 
entering into water or glaſs, or into any medium of 
a greater refractive power, are conſtantly bent to- 
wards the perpendicular, and when they are incident 

upon the farther ſurface of the glaſs, with a ſufficient 
obliquity, are all turned back into the glaſs, though 

there be no ſenſible medium behind the glaſs to re- 

fect it; in the ſame manner as a heavy body pro- 

jected obliquely upwards is bent into a curve, and 
brought back to the earth again by its gravity. 

Theſe, and many other powers in nature, Pave an 

analogy 
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analogy to gravity, but extend to leſs diſtances, and 
obſerve laws fome what different. It has been found 
very difficult to account for them mechanically. For 
this purpoſe, ſome have imagined certain effluvia to 
proceed from bodies, or atmoſpheres environing 
them; others have invented vortices ; but all their 
attempts have hitherto proved unſatisfactory. That 
ſuch powers take place in nature, and contribute to 
produce its chief phenomena, is moſt evident; but 
their cauſes are very oblcure, and hardly acceſſible 
by us. In all the cales when bodies ſeem to act upon 

each other at a diſtance, and tend towards one ano- 
ther without any apparent cauſe impelling them, this 

force has been commonly called attraFicn ; and this 

term is frequently uſed by Sir Iſaac Newton, But he 

gives repeated cautions that he pretends not, by the 

Nuſe of this term, to define the nature of the power, 

Wor the manner in which it acts. Nor does he ever 

affirm, or inſinuate, that a body can act upon ano- 
ther at a diſtance, but by the intervention of other 

bodies. It is of the utmoſt importance in philoſo- 
hy to eſtabliſh a few general powers in nature, upon 

Junqueſtionable evidence, to determine their laws, 

Ynd trace their conſequences, however obſcure the 

auſes of thoſe powers may be; and this he has done 

Nich great ſuccels, 
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16. But however commodious the term attra7ion 
ay be, to avoid an uſeleſs and tedious circumlocu- 
on, yet becauſe it was uſed by the ſchool-men to 
wer their ignorance, the adverſaries of Sir Iſaac 
ew!ou's philoſophy have taken an unjuſt handle 
om his uſe of this term, after all his precautions, 
F depreciate and even ridicule his doctrines; by 
uch they only convince us that they neither under- 
ind them, nor have impartially and duely conſi- 
red them. Mr. Leibnitæ made uſe of this ſame 
I 2 term, 
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term, in the ſame ſenſe with Sir Iſaac Newton, before 
he ſet up in oppoſition to him; and it is often to be 
met with in the writings of the moſt accurate philo- 
ſophers, who have uſed it without always guarding 
againſt the abuſe of it, as he has done, A term of 
art has been often employed by crafty men, with too 
much ſucceſs, to raiſe a diſlike againſt their oppo- 
nents, and miſlead the unwary, and to diſguſt them 
from enquiring into the truth; but ſuch dilingenuity 
is unworthy of philoſophers, No writer hath ap- 
peared againſt Sir Iſaac Newton, of late, by whom 
this argument, tho' altogether groundleſs, is not in. 
ſiſted on at great length ; and ſometimes adorned 
with the embelliſhments of wit and humour ; but 
if the reader will take the trouble to compare their 
_ deſcriptions with Sir {/aac Newton's own account, he 
will eaſily perceive how little it was minded by them; 
and that the ſum of all their art and ſkill amounts 
to this only, that they were able to expoſe a creature 
of their own imagination. Poſſibly ſome unſkilful 
men may have fancied that bodies might attra each 
other by ſome charm or unknown virtue, without 
being impelled or acted upon by other bodies, or by 
any other powers of whatever kind; and ſome mij 
have imagined that a mutual tendency may be eſ 
ſential to matter, tho? this is directly contrary to the 
inertia of body deſcribed above; but ſurely Sr 
Iſaac Newton has given no ground for charging 
him with either of theſe opinions: he has plainly 
ſignifred that he thought that thoſe powers aroſe from 
the impulſes of a ſubtile ætherial medium that | 
diffuſed over the univerfe, and penetrates the port 
of groſſer bodies. It appears from his letters u 
Mr, Boyle *, that this was his opinion early; and! 


* See the life of Mr. Boyle premiſed to the late complet 
he 


edition of his works. 
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he did not publiſh it ſooner, it proceeded from hence 
only, that he found he was not able, from experi- 
ment and obſervation, to give a ſatisfactory account 
of this medium, and the manner of its operation, 
in producing the chief phenomena of nature, They 
who imagine that he has only introduced a new 
phraſe or two into philoſophy, withcu: any real 
| benefit, may be eaſily ſatisfied of their miſtake, if 
they will but conſider with what evidence he has 
* reſolved the chief phænomena of the ſyſtem of the 
world from thoſe powers; how he has computed 
the quantity of matter and denſity of the ſun, and 
of ſeveral of the planets, from them ; how nearly 
he has determined the motion of the nodes of the 
moon, from its cauſe z and explained many of her 
irregularities, and the other motions of the ſyſtem. 
But we have inſiſted upon this perhaps at too great 
length; for as no philoſopher ſcruples to ſay that 
the magnet attracts iron, and that electric bodies, 
when their virtue is raiſed by friction, attract light 
ſubſtances ; it muſt be allowed to be at leaſt as 
juſtifiable an expreſſion, or even more unexcep- 
tionable, to ſay that the earth attracts heavy bodies 
towards it; ſince all of them deſcend towards it 
with forces proportional to their quantity of mat- 
ter, at equal diſtances from it; and this power ex- 
tends to all diſtances, varying according to a cer- 
tain known law, | 
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their general co. 


HE firſt law of motion is, That a body 

always perſeveres in its ſtate of reſt, or 
* of uniform motion in a right line, till by ſome 
« external influence it be made to change i its ſtate,” 
That a body, of itſelf, perſeveres in its ſtate of reſt, 
is matter of moſt common and general obſervation, 
and is what ſuggeſts to us the paſſive nature of body: 
but that it likewiſe, of itſelf, perſcveres in its ſtate 
of motion, as well as of reſt, is not altogether ſo 
obvious, and was not underſtood, for ſome time, by 
philoſophers themſelves, when they demanded the 
cauſe of the continuation of motion, It is eaſy, 
however, to ſce that this laſt is as general and con- 
ſtant a law of nature as the firſt. Any motions we 
produce, here on the earth, ſoon languiſh and at 
length vaniſh ; whence it is a vulgar notion that, in 
general, motion diminiſhes and tends always toward 
reſt. But this is owing to the various reſiſtances 
which bodies here meet with in their motion, elpe- 
cially from friction, or their rubbing upon other 
bodies in their progreſs, by which their motion 1s 
chiefly conſumed. For when, by any contrivance, 
this friction is much diminiſhed, we always find that 
the motion continues for a long time. Thus, when 
the friction of the axis is leſſened by friftion-whecls 
applicd to it, and turning round with it, the great 
wheel will ſometimes continue to revolve for half an 
hour. And when a braſs topp moves on a ve! 
ſmall pivot on a glaſs plane, it will continue in mo- 
tion very ſmoothly for a great number of mi — 
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A pendulum, ſuſpended in an advantageous manner, 
will vibrate for a great while, notwithſtanding the 
reſiſtance of the air. Upon the whole, it appears, 
that, if the friction and other reſiſtances could be 
taken quite away, the motions would be perpetual. 
But what ſets this in the cleareſt light, is, that a 
body placed on the deck, or in the cabin, of a ſhip, 
continues there at reſt while the motion of the ſhip 
remains uniform and ſteady ; and the ſame holds of 
a body that is carried along in any ſpace that has, 
itſelf, an uniform motion in a right line, For if a 
body in motion tended to reſt, that which is in the 
cabin of a ſhip ought to fall back towards the ſtern, 
which would appear as ſurprizing, when the motion 
of the ſhip is uniform and ſteady, as if the body 
ſhould, of itſelf, move towards the ſtern when the 
ſhip is at reſt. It is for this reaſon that the uniform 
motion of the earth upon its axis has no effect on the 
motion of bodies at the ſurface ; that the motion of 
a ſhip carried away with a current is inſenſible to 
thoſe in the ſhip, unleſs they have an opportunity to 
diſcover it by objects which they know to be fixed, 
as the ſhores, and the bottom of the ſea, or by aſtro- 
nomical obſervations; and that the motions of the 
planets and comets, in the free celeſtial ſpaces, re- 
quire no new impulſes to perpetuate them, 
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2. It is a part of the ſame law, that a body never 
changes the direction of its motion, of itſelf, but by 
lome external influence only; and it is as natural a 
conſequence of the paſſive nature of body, as that 
it never changes its velocity of itſelf, As body has 
no ſelf. motive power, or ſpontaneity, if it was to 
change its direction, how could it determine itſelf to 
any one direction rather than to another? This 
part of the law is likewiſe confirmed by conſtant ex- 
perlence. If upon any ſmooth plane a globe of an 
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uniform texture be projected, it proceeds always in 
a right line, without turning to either ſide, till ts 
motion be extinguiſhed by the friction of the plane V 
and reſiſtance of the air, It is true, that, in certain 
caſes, a ball proceeds upon a billiard table firſt in a 
right line, and, afterwards, returns of itſelf a little 
way in the ſame right line; but this ariſes from the We 
ball's having a motion upon its axis, with a direction We 
contrary to that of its progreſſive motion on the 
table; which, when the progreſſive motion is de- 
ſtroyed by the friction, brings the ball back again, 
till this motion is likewiſe deſtroyed by the ſame tric- 
tion, When a ball is projected in the air, its gre 
vity indeed bends its motion into a curve, but it 
continues to move in the plane of its firſt projection 
perpendicular to the horizon, without turning to 
either ſide of that plane; unleſs in ſome cafes, when, 
becauſe of its motion upon its axis, the reaction of 
the air makes it deviate ſomewhat from it, If bo- 
dies changed the direction of their motion of them- 
elves, they could not continue at reſt in a * 
that is carried uniformly forward in a right line; 
they are always found to do. As body, here 
1s paſſive i in receiving its motion and the direction d 
its motion, fo it retains them or perſeveres in them, 
without any change, till it be acted upon by ſome- 
thing external. This law is now generally received 
upon the belt evidence, but was not clearly under 
flood even fo lately as in Keyler's time, as appears 
by the account we gave of his doctrines in the firl 
book. From this law it appears, why we enquire 
not, in philoſopliy, concerning the cauſe of the con- 
tinuation of the reſt of bodies, or of their uniform 
motion in a right line, But if a motion begin, o 
if a motion alrcady produced is either acc:lerated o 
retarded, or if the direction of the motion is alterch 
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Chap. 2. PhITOSO HAL D1scoveRIES, 121 
this change is a proper ſubject of philoſophy: the 
chief buſineſs of which (as Sir Iſaac Newton ob- 
ſerves) is to diſcover the powers that produce any 
given motions z or, when the powers are given, to 
trace the motions that are produced by them, 


* 2. The ſecond general law of motion is that 
e the change of motion is proportional to the force 
* « impreſſed, and is produced in the right line in 
Ez « which that force acts.* Thus when a motion is 
accelerated, as that of a heavy body deſcending in 
the vertical line, the acceleration is proportional to 
the power that acts upon the body. If a body 
deſcend along an inclined plane, the acceleration of 
che motion alung the plane is proportional not to the 
total force of gravity, hut to that part only which 
acts in the direction of the plane, as will better ap- 
pear when we come to treat of the reſolution of mo- 
tion. When a fluid acts upon a body, as water or 
air upon the vanes of a mill, or wind upon the fails 
of a ſhip, the acceleration of the motion is not pro- 
portional to the whole force of thoſe fluids, but to 
that part only which is impreſſed upon the vanes or 
& fails, which depends upon the excels of the velocity 
of the fluid above the velocity which the vane or fail 
has already acquired: for if the velocity of the fluid 
de only equal to the velocity of the vane or fail, it 
juſt keeps up with it, but has no effect either to ad- 
vance or retard its motion. 


It is, at the ſame time, of the utmoſt importance 
to have regard to the direction in which the force is 
impreſſed, in order to determine the change of mo- 
uon produced by it. It would be very erroneous to 
ſuppoſe that the acceleration of the motion of the 
ſhip, in the direction in which ſhe ſails, is propor- 
tional to the force impreſſed when it acts obliquely 
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122 Sir Is AAc NEWTON's Book II. 
upon the ſail, or when the poſition of the fail i; 


oblique to the direction in which the ſhip moves. 


The change of her motion is firſt to be eſtimated in 
the direction of the force impreſſed, and thence, by 
a proper application of mechanical and geometrica 
principles, the change of the motion of the ſhip in 
her own direction is to be derived. When gravity 
or any centripetal force, acts upon a body moving 
with a direction oblique to the right line drawn from 
it to the center, the change of its motion is not pro- 
portional to the whole centripetal force which adds 
upon it, but to that part only, which, after a juſt 
reſolution of the force, is found to act in the direc. 
tion of its motion. It appears from theſe inſtance;, 
of how extenſive an uſe theſe general laws are in 
the doctrine of motion, 


4. The third general law of motion is, © that 
e ation and reaction are equal with oppoſite direec- 
tions, and are to be eſtimated always in the ſame 
right line.“ Body not only never changes its 
ſtate of itſelf, but reſiſts, by its inertia, againſt cvery 
action that produces a change in its motion, When 
two bodies meet, each endeavours to perſevere in its 
ſtate and reſiſts any change ; and, becauſe the change 
which is produced in either may be equally meaſured 
by the action which it exerts upon the other, or by 
the reſiſtance which it meets with from it, it follows 
that the changes produced in the motions of each 
are equal, but are made in contrary directions. 
The one acquires no new force but what the other 
loſes in the fame direction; nor does this laſt loſe any 
force but what the other acquires ; and, hence, tho 
by their collifions, motion paſſes from the one to the 
other, yet the ſum of their motions, eſtimated in 3 
given direction, is preſerved the ſame, and is unal- 


terable by their mutual actions upon each other. n 
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collecting this ſum, motions that have contrary di- 
rections are to be affected with contrary ſigns; a 
motion eaſtward is contrary to a motion weſtward ; 
ſo that if the motions are ſummed up as having a 
weſtern direction, a motion eaſtward is to be conſi- 
Gered as negative, or to be ſubducted from the reſt. 
In this manner, this law ſerves to render the firſt 
Jaw more general, and to extend it to any number of 
bodies; for as, by the firſt law, a body perſeveres in 
its ſtate of reſt, or of uniform rectilinear motion, 


7 till ſome external influence affect it; ſo it follows 


from this law, “ that the ſum of the motions of 
« any number of bodies, eſtimated in a given di- 
« rection, perſeveres the ſame in their mutual ac- 
4 tions and collifions, till ſome external influence 
« diſturb them.“ 


5. The truth of this third law appears from ma- 
nifold experiments, in the colliſions of bodies of all 
kinds. But the meaning of it ſeems to have been 
miſtaken, in ſeveral inſtances, by ingenious men; 
which it is neceſſary for us to guard againſt, They 
who maintain the new opinion concerning the forces 
of bodies, meaſuring them by the compounded pro- 
portion of the quantity of matter and the ſquare of 
the velocity, found it 1mpoſlible to explain the 
actions and colliſions. of bodies of a perfect hard- 
nels, void of all elaſticity, conſiſtently with this 
doctrine. Therefore, in order to get rid of them, 
lome pretended that it is abſolutely impoſſible ſuch 
bodies ſhould exiſt, upon grounds the weakneſs of 
which was ſhewn in the firſt book; while others 
contented themſelves with obſerving that they knew 
of no ſuch bodies in nature, and thought this a ſuffi- 
cient excuſe for giving no account of their colliſions z 
tho' at the ſame time they treated largely of bodies 
of a perfect claſticity, none of which are to be met 


with 
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with in nature; and we have much better reaſon to 
conclude that there are bodies of a perfect hardneſs, 
than of a perfect elaſticity ; becauſe we cannot but 


ſuppoſe the ultimate elementary particles of bodies 
-that are void of all pores, or atoms, to be perfectly 


hard or inflexible, ſo as not to yield in the ordina 
actions and colliſions of bodies. But after all this 
art in ſcreening their favourite opinion, the difficulty 
ſtill recurred in explaining the colliſions of ſoft bo. 
dies; and ſome farther new invention was requiſite 
to reconcile the phenomena” with their doctrine. 
For if a ſoft body, with the velocity , ſtrikes ano. 
ther equal quieſcent ſoft body, they will proceed a; 
in one maſs with the velocity + u, dividing the mo. 
tion of the firſt body equally between them, in con- 
ſequence of the third general law of motion. Ac- 
cording to the new opinion, the force of the firſt 
body before the ſtroke was # u. the force of each of 
them after the ſtroke is 4 u X or 4&4; and the 
ſum of their forces after the ſtroke is £ # «4 ; fo that 
the ſum of the forces, after the ſtroke, is only one 
half of what it was before the ſtroke, while the 
quantity of motion 1s preſerved the ſame as it was, 
without any change. Now the difficulty was, how 
to account for the loſs of one half of the force of the 
firſt body in the ſtroke: for this purpoſe, they ad- 
vanced, without any other proof, this new dotrine, 
that when the parts of ſoft bodies yield without re- 
ſtoring themſelves, being void of elaſticity, a cet. 
tain quantity of force is loſt in the compreſſion of 
their parts by the colliſion ; whereas we know no wif 
by which force is loſt in one body, but by its being 
communicated to another. The parts of ſoft bodis 
are indeed moved out of their places, in the coll 
ſion, and ſome motion is loſt in the firſt body by 
being communicated, in this manner, to the patt 


of the {ccond ; but theſe parts cannot loſe this mo. 
tion 
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tion otherwiſe than by communicating it to other 
parts, or by its accruing to the whole body; ſo that 
there is no juſt reaſon for ſuppoſing that any motion 
or force is loſt in flattening or hollowing of ſoft bo- 
dies, in their colliſions z and this new tenet is in- 
vented merely to ſerve a particular purpoſe. 


6. The moſt learned and ſkilful advocate for this 
EZ new doctrine appears to have greatly miſtaken this 
third law of motion, when he tells us that the pre- 
ſervation of the ſum of the abſolute motions of bo- 
dies, in their colliſions, is ſo immediate a conſequence 
of the equality of a#ion and reaction, that to en- 
deavour to prove it would only render it more ob- 
ſcure, the augmentation or diminution of the force 
of che one (ſays he) being the neceſſary conſequence . 
of the diminution or augmentation of the force of 
W the other. Now it is plain that this third law of 
motion is general, extending to bodies of all kinds; 
and it is well known that when ſoft bodies meet in 
oppoſite directions, the ſum of their abſolute mo- 
tions or forces is diminiſhed ; and when the bodies 
W are equal, and their velocities likewiſe equal, it is 
W totally deſtroyed by their colliſion, It is not the 
ſum of the abſolute motions or forces of bodies, but 
this ſum eſtimated in a given direction, that is pre- 
ſerved unaltered in their colliſions, in conſequence of 
this third law of motion: nor can the preſervation 
of the ſum of the abſolute forces of any ſort of bo- 
dies be conſidered as an immediate conſequence of it. 
On the contrary, the ſum of the abſolute motions 
of even perfectly elaſtic bodies is ſometimes in- 
creaſed, and in ſome caſes diminiſhed, by their col- 
tions ; ſo that a proof was neceſſary that the ſum 
of their abſolute forces (in whatever manner thoſe 
forces are meaſured) is preſerved unalterable, in their 
colufion ; eſpecially ſince this ſum, according to his 
own 
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own doctrine, undergoes an infinite variety of 
changes, during the ſmall time in which the bodies 
act upon each other, while the parts firſt yield and 
then reſtore themſelves to their former ſituations, 


7. The fame philoſophers miſtake this third lay, 
or a moſt eſſential part of it, when they meaſure 
action and reaction on different right lines. In a 


celebrated argument which they advance for their 


one of which alone is equivalent to the force of the 
ſame body moving with a velocity as 1; from which 
they infer that, in the former caſe, the force is qua- 
druple, tho? the velocity be only double of what it | 
is in the latter caſe, In like manner, becauſe a body 
moving with a velocity proportional to the diagonal 
of the rectangle is able to ballance the reſiſtance of 
two ſprings proportional to the ſides of the ſame 
rectangle, they thence infer that the force of a body 
moving with a velocity as the diagonal is equal to 
the ſum of the forces of two bodies moving with 
velocities proportional to the ſides of the rectangle; 
and, becauſe the ſquare of the diagonal is equal to 
the ſum of the ſquares of the two ſides, they thence 
infer that the forces of equal bodies are as the ſquares 
of their velocities. But in all theſe arguments 
(which are the moſt plauſible of any that have been 
offered for their new doctrine, and are moſt apt to 
miſlead their readers) they do not conſider that the 
force which one body loſes, in acting upon another, 
is not equal to that which it produces or deſtroys in 
the other, eſtimated in any direction at pleaſure, but 
in that only in which the firſt body acts; and that 


body, in conſequence of its inertic, not only reſiſts 
| any 
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Many change in its quantity of motion, but likewiſe 
any change in the direction of its motion. If any 
planet revolves in a circle, the gravity. of it towards 
he centre is employed, during the whole revolution, 
in changing the direction of its motion only, with- 
put producing the leaſt augmentation or diminution 
of the motion itſelf, But theſe things will more 
Eaſily appear after we have treated of the compoſi- 
tion and re ſolution of motion: we only obſerve here, 
chat, in order to ſupport their favourite doctrine, 
they embarraſs the plain, ſimple and beautiful th 
of motion, in ſome caſes by neglecting the time, 
nd in others by confounding the directions in which 
podies act upon each other, or upon ſprings; while 
che valuable conſequences which they pretend to 
raw from this doctrine follow more naturally, and 
a fatisfattory manner only, from the laws of mo- 
, Won rightly underſtood and applied. 
J 
8. Our author's firſt corollary, from the laws of 
e otion, is, that when a body is acted upon by two 
; Ws at the ſame time, it will deſcribe the diagonal, 
che motion reſulting from their compoſition, in 
e tame time that it would deſcribe the ſides of the 
; lelogram by thoſe forces acting ſeparately. Let 
o e body a (Fig. 2.) have a motion in the direction 
e 5, repreſented by the right line A B, at the ſame 
z Nie let another motion be communicated to it in 
s e direction a p, repreſented by the right line a b; 
# dmplcte the parallelogram a s op; and the body 
1 ll proceed in the diagonal a c, and deſcribe it in 


e MP fame time that it would have deſcribed the ſide 
r, B by the firſt motion, or the fide a p by the ſe- 
in nd. To underſtand our author's demonſtration 
ut chis corollary, we muſt premiſe this obvious prin- 
Ia | ple, that when a body is acted upon' by a motion 
{ts power parallel to a right line given in poſition, 
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this power or motion has no effect to cauſe the body 
to approach towards that right line or recede from 
it, but to move in a line parallel to that right line 
only ; as appears from the ſecond law of motion, 
Therefore à b being parallel to s c, the motion in 
the direction a Þ has no effect in promoting or re. 
tarding the approach of the body Aa towards the line 
B c; conſequently it will arrive at this line B e in 
the ſame time as if the firſt motion a B only had 
been impreſt upon it. In like manner, becauſe x; 
is parallel to pc, the motion a B has no effect in 
promoting or retarding the approach of the body , 
towards the line Dc; conſequently it will arrive at 
the line pc in the ſame time as if the motion ax 
only had been impreſſed upon it. Therefore the 
body A will arrive at both the lines Be and Dc in 
the ſame time, that, by the firſt motion alone, it 
would have deſcribed A B, or, by the ſecond alone, 
it would have deſcribed a Dd. But it can arrive 2 
both the lines B c and Þ no other way than by 
coming to their interſection e: therefore, when the 
two motions AB and A p are impreſt upon it at 
once, it moves from A to c, and deſcribes the dis. 
gonal A c, in the ſame time that, by theſe motions 
acting ſeparately, it would have deſcribed the ſides 


A'B and AD, 4 


9. Becaufe this corollary is of very extenſive uſe, 
it may be worth while to illuſtrate it farther; Sup 
pole (Fig. 3.) the ſpace E FGH to be carried uni- 
formly forward in the direction A B, and with a ve. 
locity repreſented by a B. Let a motion in tit 
direction A D, and meafured by the right line 40, 
be impreſt upon the body a in the ſpace EFI. 
To thoſe who are in this fpace, the body a will ap 
pear to move in the right line a Þ z but its real d 
abſolute motion will be in the diagonal a c of 1 

N pa x 
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parallelogram ABC D; and it will deſcribe ac in 
the ſame time that the ſpace by its uniform motion, 
or any point of it, is carried over a right line equal 
to A B, or that the body A, by its motion acroſs the 
ſpace, deſcribes a. For it is manifeſt that the line 
A D, in conſequence of the motion of the ſpace, is 
carried into the ſituation B c, and the point p to c; 
ſo that the body a really moves in the diagonal 


A C. 


10. The converſe of this corollary is, that the 
motion in the diagonal a c may be reſolved into the 
motions in the ſides of the parallelogram a B and 
4. For it is manifeſt that if (Fig. 4.) A « be 
taken equal to A D with an oppoſite direction, and 
the parallelogram a K O be compleated, the right 
line a B ſhall be the diagonal of this parallelogram 
conſequently, by the two laſt articles, the motion 
A © compounded with the motion à k equal and 6p- 
polite to the motion A p, produces the motion A B; 
that is, if from the motion Ac, in the diagonal, 
you ſubdu&t the motion A p in one of the ſides, 
there will remain the motion à 3 in the other ſide of 
the parallelogram a B Op. 


W 11. This doctrine will receive farther illuſtration 

by reſolving each of the motions as and A D into 
two motions, one in the direction of the diagonal 
ac and the other in the direction perpendicular to 
it; that is, by reſolving (Fig. 5.) the motion a B into 
the motions a M and A x, and the motion A p into 
the motions a Kk and au, For the triangles A b k 
and Bc Mm being equal and ſimilar, D Kk is equal to 
BM, or AL to AN; ſo that the motions AL and AN, 
being equal and oppoſite, they deſtroy each others 
effect: and it being an obvious and general principle, 


that the motion of a body in a right line is no way 
affected 
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affected by any two equal powers or motions that 
act in directions perpendicular to that line, and op- 
poſite to each other, it thus appears how the body 
A is determined to move in the diagonal A c; and, 
becauſe A K is equal to mc, it appears how the re. 
maining motions A M and AK are accumulated in 


the direction ac, ſo as to produce a motion mea. 


lured by Ac. It appears likewiſe how abſolute mo- 
tion is loſt in the compoſition of motion; for the 
parts of the motions à 5 and Ap that are repreſented 
by Ax and Ar, being equal and oppoſite, deſtroy 
each others effect, and the other parts A M and ax, 
only, remain in the direction of the compounded 
motion A c: while, on the contrary, in the reſolu- 
tion of motion, the quantity of abſolute motion is 
increaſed, the ſum of the motions A B and av, 0. 
Bc, being greater than the motion a c. But the 
ſum of the motions, eſtimated in a given direction, 
is ho way affected by the compoſition or reſolution 
of motion, or indeed by any actions or influences df 
bodies upon each other, that are equal and mutud 
and have oppoſite directions, 


For ſuppoſe that (Fig. 6.) the motions are to be 
eſtimated in the direction Ap; let ce, B R, D d, be 
perpendicular to this direction in the points p, R and 
Q; then the motions Ac, A B, AD, reduced to tht 
direction A p, are to be eſtimated by A, AR and 
AQ reſpectively, the parts which are perpendicular 
to Ap having no effect in that direction. Let 4? 
meet Bc in s; then becauſe x is to s, as BC U 
AD) to cs, that is, as aq to sr, it follows that 
AQ is equal to Ry, and that AR TAQ is equal to 
AP; that is, that the ſum of the motions AB 
A b, reduced to any given direction A p, is equal f0 
the compounded motion ac reduced to the ſame d. 
rection. From which it is obvious, that, in ge” 
Tay 
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ral, when any number of motions are compounded 
together, or are reſolved according to this general 
ccrollary, the ſum of their motions continues inva- 
& riably the ſame, till ſome foreign influence affects 


them. 


12. The uſefulneſs of the ſame corollary has in- 
& duced authors to invent other demonſtrations for the 
8 farther illuſtration of it. We ſhall only add a proof 
of the ſimpleſt caſe, when the motions a B and A Þ 
are equal, and the angle BAD is a right one; in 
this caſe AB O (Fig. 7, 8.) is a ſquare, and the 
diagonal ac biſects the angle BaD; and, becauſe 
the powers and motions of aÞ and AB are equal, 
and there can be no reaſon why the direction of the 
& compounded power or motion ſhould incline to one 
of theſe more than to the other, it is evident that 


its direction muſt be in the diagonal Ac; and that 


W the compounded power or motion is meaſured by 
(lc appears in the following manner. If it is not 
meaſured by A c, firſt let it be meaſured by any 
night line AE leſs than ac; join BD interſecting 
Ae in k, upon Ac take A M greater than à K, in 
che ſame proportion that ac is greater than AE; 
thro* the point t draw the right line r O parallel to 
BD, meeting AD in G and AB in r; compleat the 
parallelograms A u H and AM N: then becauſe 
theſe parallelograms are ſquares as well as a Bc», 
and ADIStO AG, as A k to AM, that is as AE to 
Ac; and AB to AF in the ſame proportion; and 
becauſe AE is ſuppoſed to be the power or motion 
compounded from AB and AD, it follows that the 
power or motion Ap may be ſuppoſed to be com- 
pounded from the powers. or motions a M and a R, 
and as from a M and an. But an and Ax, act- 
ing equally with oppoſite directions, deſtroy each 
others effect; ſo that it would follow that the re- 
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maining powers or motions AM + AM (i. e. 2 Ku 
which are accumulated in the direction of the diago- 
nal ac, ought to be equal to A E; which is abſurd, 
for Au is greater than AK by the conſtruction, and 
2 AM greater than 2AK or Ac, which is ſuppoſed 
to be greater than AE. In like manner, it is ſhe 
(Fig. 8.) that the compounded power or motion, in 
the diagonal a c, is not meaſured by a right line 
greater than ac; and therefore it is meaſured pre. 
ciſely by the diagonal a c itſelf. 


13. The ſtate of any ſyſtem of bodies, as to 
motion or reſt, is judged by that of their centre d 
gravity, in the molt ſimple and convenient manner, 
In a regular body of a homogeneous texture, the 
centre of gravity is the ſame with the centre of mag. 
nitude; and, in general, it is that point of an heayj 
body, which being ſuſtained the body is in conſe- 
quence itſelf ſuſtained. In two equal bodies it is in 
a right line joining their centres, at equal diſtance 
from both: when the bodies are unequal, it » 
nearer to the greater body, in proportion as it | 
greater than the other; or its diſtances from ther 
centres are inverſely as the bodies, Let a (Fig. 9, 
be greater than B, join A B, upon which take the 
point e, ſo that ca may be to cp, as the body 35 
to the body a, or that A Xx A may be equal © 
BXCB, then is c the centre of gravity of the bv 
dies a and B; and we ſhall afterwards ſhew, that! 
A and B be joined by an inflexible rod as void d 
gravity, and the point c be ſuſtained, then the by 
dies à and B ſhall be in equilibrio. If the centre d 
gravity of three bodies be required, firſt find c tit 
centre of gravity of a and n, and ſuppoſing a bod) 
to be placed there equal to the ſum of a and B, find 
© the centre of gravity of it and p; then ſhall 
be the centre of gravity of the three bodies * 
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and o: in like manner, the centre of gravity of any 
number of bodies is determined. 


14. The ſum of the products that ariſe by multiply- 
ing the bodies by their reſpective diſtances from a right 
ne, or plane, given in poſition, 1s equal to the pro- 
duct of the ſum of the bodies multiplied by the diſ- 
tance of their centre of gravity from the ſame right 
ne or plane, when all the bodies are on the ſame 
ſide of it: but when ſome of them are on the oppo- 
© ſite ſide, their products when multiplied by their re- 
ſpective diſtances from it are to be conſidered as ne- 
gative, or to be ſubducted. Let 11. (Fig, 10.) be 
the right line given in poſition, c the centre of gra- 
vity of the bodies a and B, A 4, Bb, cc perpendi- 
culars to 11 in the points a, , c; then if the bodies 
A and 8 be on the ſame ſide of 11, we ſhall find 
BD axXaa+BXBb=a+BXcc. For drawing thro' 
c the right line MN parallel to 11, meeting a@ in 
u, and B& in d, we have a to B, as Bc to ac, by 
the property of the centre of gravity ; and conſe- 
= quently A to B, as BN to Au, or AXA M=BX BN; 
but AxXaa+BXBEb=aXCc+FAXAMEBX CO 
WP PXBNZAXCCEBXCCEASBXCE, 


= When (Fig. 11.) B is on the other ſide of the 
W ſight line 11, and c on the ſame ſide with a, then 
WAXAd—BXBLE=AXxC+AXAM—BXBN+BXCC= 
Xx: and when the ſum of the products of the 
bodies on one fide of 1 L multiplied by their diſtances 
from it, is equal to the ſum of the products of the 
bodies multiplied by their diſtances on the other ſide 
of 11, then cc vaniſhes, or the common centre of 
gravity of all the bodies falls on this right line 11. 


, 15. Suppoſe now the bodies A and ; to proceed 
in the right lines ap and Bs, (Fig, 12.) and when 
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they come to p and x their common centre of gra. 
vity to be found in G: let v d, te, cg be perpendi- 
culars to 11, in d, e, g; let DM, EN, GK, parallel 
to 11, meet Aa, Bb, Cc, reſpectively, in the points 
M, N, K. By the laſt article, x pd XEe=a+s 
XGg ; and, ſubducting this from the equation in the 
preceding article, viz. A X AATBXB b=a+BXC 65 
then AXAM-+BXBN=aA+BXCK. By procceding in 
the ſame manner it will appear that axpÞM+BXEn 
=A+BXGK. The motions of a and B being ſup- 
poſed uniform, the right lines AM and Bn will in- 
creaſe uniformly ; ſo as to become double in double 
the time; conſequently c x will alſo increaſe uni- 
formly, or in the ſame proportion as the time. And 
becauſe M, EN, increaſe uniformly, it follows that 
k alſo increaſes uniformly ; and that e k is to x6 
in the conſtant ratio of AXAM+BXBN to AXDM+ 
BXEN. Hence it appears, that when any number 
of bodies move 1n right lines with uniform motions, 
their common centre of gravity moves likewiſe in a 
right line with an uniform motion; and that the ſum 
of their motions, eſtimated in any given direction, 
is preciſely the ſame as if all the bodies, in one maſs, 
were carried on with the direction and motion of 
their common centre of gravity. Becauſe the ſum 
of the motions of the bodies, eſtimated in any given 
direction, is preſerved invariably the ſame in their 
colliſions, without being affected by their actions 
upon each other, that are equal and mutual and have 
contrary directions; it follows, that the ſtate of theit 
centre of gravity is no way affected by their colli- 
ſions or eny fuch actions; and that it perſeveres in 
its ſtate of reſt or uniform motion, in the ſame man- 
ner as by the firſt law of motion any one body per- 
ſeveres in its ſtate, till ſome external influence diſturb 
it, Theſe propotitions repreſent to us the theory of 
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motion in a plain and beautiful light; and enable us 
to judge the motions of a ſyſtem of bodies, with 
almoſt the ſame facility as of thoſe of one body. 


16. The motions and actions of bodies upon each 
other, in a ſpace that is carried uniformly forward, 
are the ſame as if that ſpace was at reſt; and any 
powers or motions that act upon all the bodies, fo 
as to produce equal velocities in them in the ſame 
or in parallel right lines, have no effect on their 
mutual actions or relative motions. Thus the mo- 
tion of bodies aboard a ſhip, that is carried ſteadily 
and uniformly forward, are performed in the ſame 
manner as if the ſhip was at reſt. When a fleet of 
ſhips is carried away by an uniform current, their 
relative motions are no way affected by the current, 
but are the ſame as if the ſea was at reſt. The mo- 
tion of the earth and air round its axis has no effect 
on the actions of bodies and agents at its ſurface, but 
ſo far as it is not uniform and rectilineal. In general, 
the actions of bodies upon each other depend not 
upon their abſolute but relative motion; which is the 
difference of their abſolute motions when they have 
the ſame direction, but their ſum when they are 
moved in oppoſite directions. 


17. No principle being more univerſally allowed 
than this, or more evidently eſtabliſhed upon com- 
mon experience, we deduced the following argu- 
ment from it againſt the new doctrine concerning 
the forces of bodies in motion, in a piece that ob- 
tained the prize of the royal academy of ſciences at 
Paris, in 1724; which, becauſe of its plainneſs and 
limplicity, we ſhall deſcribe here again. Let A and 
B (Fig. 13.) be two equal bodies that are ſeparated 
from each other by ſprings interpoſed between them 
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(or in any other equivalent manner) in a ſpace 
EFGH, which in the mean time proceeds uniformly 
in the direction B A (in which line the ſprings act) 
with a velocity as 1; and ſuppoſe that the ſprings 
impreſs on the equal bodies a and B equal veloci. 
ties, in oppoſite directions, that are each as 1. 
Then the abſolute velocity of a (which was as 1) 
will be now as 2; and according to the new doctrine 
its force as 4: whereas the abſolute velocity and the 
force of 83 (which was as 1) will be now deſtroyed; 
ſo that the action of the ſprings adds to a a force a; 
3, and ſubducts from the equal body B a force a; 
x only; and yet it ſeems manifeſt, that the actions 
of the ſprings, on theſe equal bodies, ought to be 
equal; (and Mr. Bernovilli expreſsly owns them to 
be ſo): that is, equal actions of the ſame fprings | 
upon equal bodies would produce very unequal ef. 
fects, the one being triple of the other according to 
the new doctrine; than which hardly any thing more 
abſurd can be advanced in philoſophy or mechanics, 
In general, if m repreſent the velocity of the ſpace 
EFGH in the direction B A, # the velocity added to 
that of a and ſubducted from that of B, by the ac- 
tion of the ſprings, then the abſolute velocities of 
A and B will be repreſented by m and m—1 te- 
ſpectively, the force added to a by the ſprings will 
be 2 mn+nn, and the force taken from B will be 
2 m u, which differ by 2 2 . Farther, it i 
allowed that the actions of bodies upon one another 
are the ſame in a ſpace that proceeds with an uni 
form motion as if the ſpace was at reſt: but if the 
ſpace EFGH was at reſt, it is allowed that the forces 
communicated by the ſprings to a and B had been 
equal; and, according to the new doctrine, the force 
of each had been repreſented by nun; whereas te 
force communicated to a by the ſprings in the ſpat 


EFGH is repreſented by 2 m n+#un, and the — 
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taken from B will be 2 1 1— . Theſe arguments 
are ſimple and obvious, and ſeem, on that account, 
to be the more proper 1n treating of this queſtion, 
They who maintain the new doctrine may define 
force in ſuch a manner, as to make the diſpute ap- 
W pear to relate merely to words ; but, as the terms 
EZ ion and force ſeem to be very nearly allied to each 
bother, it ſurely tends to confound our notions and 
language, to maintain that equal actions generate or 
produce unequal forces in the ſame time. But what 
E cvidently ſhews that the authors on the fide of this 
new opinion did not underſtand what they taught, 
is, their telling us, that the quantity of abſolute 
force is unalterable by the colliſions of bodies, and 
that this follows ſo evidently from the equality of 
_— 47:01 and reaction, that to endeavour to demonſtrate 
it would only render it more obſcure. For hence 
it appears, that they underſtood equal changes to be 
produced in the forces of bodies in conſequence of 
the equality of a#ion and reaction; and yet it is 
evident from what we have ſhewn, that the changes 
produced in the forces of bodies muſt be very un- 
equal, according to this new doctrine, tho* the ac- 
tion and reaction by which they are produced be 
equal. It ſeems to have been by a miſtake, that 
Mr. Leibnitz firſt found himſelf engaged to main- 
tain this new doctrine, in 1686; and in like man- 
ner, ſome of his diſciples ſeem to have raſhly 
adopted the ſame, without having attended to the 
conſequences. 


18. In the theory of motion, rightly underſtood, 
che ſame laws that ſerve for comparing, compound- 
ing, or reſolving motions, are obſerved likewiſe by 
preſſures ; that is, the powers that generate motion, 
or tend to produce it : for forces are nothing elſe 
but the ſums of ſuch preſſures accumulated in the 
body, 
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body, in conſequence of the continued action of the 
powers for a finite time; and preſſures are conſ. 
dered as infinitely ſmall forces, or as the element 
from which the forces are produced : and it adds ng 
ſmall beauty and evidence to this theory of motion, 
that both obſerve the ſame laws. When a force i; 
generated in any body, by the accumulation of 
other forces or impulſes, that which is generated, in 
any direction, muſt be equal to the ſum of thoſe 
which are all employed and conſumed, in that d. 
rection, in producing it; and if the force is pro- 
duced by a continual ſucceſſive action, the motion 
generated muſt be equal to the ſum of the preſſure 
that are exerted in producing it. In like manner, if 
motion is deſtroyed by the reſiſtance of any oppoſite 
power, it muſt be equal to the ſum of all the aCtions 


by which it is totally deſtroyed. On the other hand, 


the intenſity of the power that generates motion in 
any body, is proportional to the augment of force 
which it generates in a given time, and the inten- 
ſity of the power that reſiſts or deſtroys motion, 1 
meaſured by the decrement of force produced in a 
given time; ſince the augment in the firſt caſe, and 
decrement of motion in the ſecond caſe, are the 
adequate effects of the power; which is ſuppoſed to 
be of ſuch a nature as to be renewed every moment, 
and exert all its influence at once, In general, the 
intenſity of any power that generates or deſtroys 
motion is the greater, in proportion as the change of 
velocity produced by it in the direCtion of that power 
is greater, and the leſs the time is in which that 
change is produced, if the intenſity of the pow! 
continues uniform during that time: but if the 
power varies, its intenſity, at any given term of the 
time, is to be meaſured by the change of velocity 
which would have been produced, in a given time, 
by the power continued uniformly for that time, 
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109. The preſſure or power that generates motion 
n a body is in the compounded ratio of the quan- 
uty of matter in the body, and of the velocity which 
it would generate in it in a given time, if it was con- 
unued uniform for that time; and thoſe preſſures 
are equal in any two bodies, when their quantities of 
matter are reciprocally as thoſe velocities, that is, 
E when the intenſity of the power that acts upon the 
greater body A, is leſs than the intenſity of that 
wich acts upon the leſſer body s, in the ſame pro- 
portion as B is leſs than a. If two bodies that are 
acted upon by ſuch powers, with oppoſite directions, 
be in contact, neither of the powers will prevail, 
and no motion will be produced. In the ſame man- 
ner, if two bodies, moving with velocities inverſely 
proportional to their quantities of matter, meet with 
E oppoſite directions, their motions will deſtroy each 
© other, if they are ſoft bodies; or if they are ſo per- 
W fectly hard as that their parts are quite inflexible, 
they will both ſtop after the ſtroke : but if they have 
any elaſticity, they will be reflected after the ſtroke 
with equal motions. Thus there is a perfect har- 
mony between the laws of preſſures, or powers, and 
the laws of motions or forces produced by thoſe 
powers; as, in general, there muſt be an analogy 
between the powers that generate or produce any 
Wefict, and the effects themſelves which are gene- 
rated. But this harmony is quite loſt, as to the 
forces of bodies, according to the new opinion con- 
cerning their menſuration; for, according to this 
opinion, when the velocity is finite, how ſmall ſo- 
ever it may be, the force is meaſured by the ſquare 
of the velocity; but when the velocity is infinitely 
little (as it is, according to the favourers of the 
new opinion) in conſequence of the firſt impulſe of 
ne power that generates the motion, the force is 

ſumply 
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ſimply as the velocity; and we cannot but obſerve 
that this ſudden change of the law does not appear 
to be conſiſtent with the favourite principle of ci. 
nuity, ſo zealouſly maintained by the ſame philopo. 
phers. According to the ſame opinion, forces that 
ſuſtain each other, with oppoſite directions, and de. 
ſtroy each others effect, may be unequal in any given 
ratio ; and when bodies meet with equal forces in 
oppoſite directions, they do not therefore ſuſtain 
each other, but that which has the greater velocity 
carries it againſt the other. Let v denote the velo- 
city of a, and v the velocity of B ; then A xc v vil 
denote the motion or force of a, and B; Xv the mo. 
tion or force of B; ſo that theſe motions are equal 
when a XV=B Xv, that is, when v is tov, as iz 
to A: and this is the caſe wherein conſtant expe- 
rience teaches us that the motions ſuſtain each other, 
provided their directions be oppoſite. But, accord- 
ing to the new opinion, the force of à is meaſuret 
by a xvv, and the force of B by B Xx vv, which 
are to each other in the ſame proportion as v tov, 
in the preſent caſe, becauſe we ſuppoſe a x v=s x, 
Theſe forces, therefore, according to the new opi- 
nion, are ſo far from being equal, that the force d 
A is leſs than the force of B, in proportion as v i 
leſs than v, or B leſs than A; fo that, according to 
this doctrine, a force might ſuſtain, or even over- 
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come, a force 1000 times greater than itſelf, or . 
greater than itſelf in any aſſignable proportion. Ac: C 
cording to the ſame doctrine, the forces of a and c 
x are equal, when a XVV=BX vv, that is, for ex. | 
ample, when a being quadruple of 8, the velocity n 
of B is double of the velocity of A; in which cal ; 
the quantity of motion, or momentum, of a is double « 
of that of 3; and the motion of Aa appears, from 5 
experience, to be more than ſufficient to ſuſtain the i 
motion of p. It has coſt the favourers of the ne# d 
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W opinion a great deal of pains to compoſe their ac- 
j counts, by which they endeavoured to reconcile their 
theory with experience; and how unſatisfactory 
their accounts have proved, will eaſily appear to the 
reader who will take the trouble to examine them. 
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20. Let the bodies a and B (Fig. 14.) by moving 
towards each other, compreſs equal and ſimilar 
ſprings placed between them, till by the reaction of 
thoſe ſprings their motions be deſtroyed. Mr. Ber- 
novilli expreſsly owns, that the actions of the ſprings 
on thoſe bodies are conſtantly equal to each other, 
and yet maintains that they deſtroy a force in n 
greater than the force of Aa, in the ſame proportion 
as the body A is greater than B, or (e being the cen- 
tre of gravity of a and B) as c B is greater than Cc a. , 
He therefore maintains, that equal preſſures or ac- 
tons of ſprings generate, in the ſame time, forces 
that may be unequal in any aſſignable ratio; which 
W 15 repugnant to the plaineſt notions we are able to 
form of action and force, and ſerves only to intro- 
duce myſterious and obſcure conceptions into the 
theory of motion, without any neceſſity, If we 
ſuppoſe the body a to compreſs the ſprings from A 
to c, then the body ; will compreſs all the ſprings 
from s to c, in the ſame degree, and in the ſame 
time ; and thence he infers, that the force of A is to 
the force of z, in the ſame proportion as the number 
of ſprings from c to a, to the number of ſprings 
from e to 3. But ſince the motion, force, or effect 
of any kind, produced or deſtroyed in A or B, de- 
pends upon the immediate action which produces the 
effect, and upon it only; and ſince, in this caſe, the 
actions of the ſprings upon the bodies a and B are 
thoſe which deſtroy their motions; and fince it is 
allowed by him that the actions of the ſprings upon 
| th { b . . * 

cle bodies are equal, is it not evident that the 
forces 
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forces deſtroyed by them in the ſame time muſt he 
equal? And is it not manifeſt, that the forces which 
are produced or deſtroyed in bodies, are to be mea. 
ſured by the efforts which the ſprings exert upon the 
bodies in producing this effect, and not by the num. 
ber of ſprings? It is the laſt ſpring only, which is 
in contact with the body, that acts upon it, the r:| 
ſerving only for ſuſtaining it in its action; fo that 
any change produced in the body, by whatever name 
it be called, ought to be determined from the action 
of this laſt ſpring only, and in juſt reaſoning ought 
to be computed from it alone. Had he defined 
force by the number of equal and ſimilar ſprings, 
that, by a given degree of expanſion or compreſlion, 
produce or deſtroy it, juſt exceptions might hare 
been made againſt the propriety and convenience of 
ſuch new and unneceſſary expreſſions, as tending to 
perplex and darken this moſt uſeful theory of mo- 
tion, which was before very clear and evident : but 
then this controverſy would have appeared to relate 
chiefly to words and terms of art, and there would 
not have been ſo much danger of miſtakes ariſing 
from their doctrines. But he does not give this for 
the definition of force, | 
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21. When a body deſcends by its gravity, tit 
motion generated may be conſidered as the ſum d 
the uniform and continual impulſes accumulated in 
the body, during the time of its falling. And 
when a body is projected perpendicularly upwards, 
its motion may be conſidered as equivalent to tit 
ſum of the impulſes of the ſame power till they en 
tinguiſh it. When the body is projected upward 
with a double velocity, theſe uniform impulſes mul 
be continued for a double time, to be able to deftro) 
the motion of the body; and hence it ariſes, thi 


the body, by ſetting out with a double velocity, and 
aſcend: 
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W :ccending for a double time, muſt ariſe to a qua- 
l druple height, before its motion is exhauſted, But 
1 this proves that a body with a double velocity moves 
C with a double force, ſince it is produced or deſtroyed 
vy the ſame uniform power continued for a double 
' time, and not with a quadruple force, tho? it ariſe 
W to a quadruple height, This, however, was the 
argument upon which Mr. Leibnitz firſt built this 
W doctrine; and thoſe which have been ſince derived 
W from the indentings or hollows produced in ſoft bo- 
5 dies by others falling into them, are much of the 
F ſame kind and force. Cauſes are not to be mea- 
ſured by any effects produced by them, taken with- 
W out any choice, or judgment, or regard to their 
W circumſtances. Motions and forces are not to be 
W meaſured by the effects produced, without regard to 
the times and directions of the motions, according 
to the principles of geometry and mechanics. In 
geometry, we judge of wholes by comparing their 
parts, or the elements from which they are gene- 
rated; and, in mechanics, we can have no better 
method of judging of motions, or forces, than from 
the powers that produce them. The motion, or 
force, of a body has a much more ſimple and plain 
analogy to the power that produces it, than to the 
ſpace deſcribed by it in ſoft clay or any other reſiſt- 
ing medium. 


22, The principle, . that the cauſe is to be mea- 
* ſured by its effect,“ is one of thofe that will be 
very apt to lead us into error, both in metaphyſics 
and natural philoſophy, if applied in a vague and 
indiſtinct manner, without ſufficient precautions. 
Force is defined to be that power of acting in a 
body which muſt be meaſured by its whole effect till 
is motion be. deſtroyed, by thoſe who favour the 
new opinion, or ſome of them at leaſt, and by —_ 

who 
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when we attend to their compoſition and reſolution. 
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who would repreſent this diſpute as merely about 
words. But the ſame authors tell us likewiſe, that 
force is proportional to the number of ſprings which 
it can bend before it be deſtroyed ; and this they 
propoſe, without any proof, as a definition or axiom, 
Did they content themſelves with the latter of theſs 
only, we ſhould allow the diſpute to be of very lit 
tle moment, farther than as ſuch liberties tend to 
confound our notions of the action and motion «f 
bodies, as we obſerved above. But while they pre. 
tend that force, defined by them at their pleaſure, 
is to be conſidered as the cauſe of the effects pro- 
duced by motion, and is to be meaſured by thoſe 
effects, the diſpute appears no longer to be about 
words only. Sir Iſaac Newton, in his ſecond law of 
motion, points out to us that the impreſſed force 
being conſidered as the cauſe, the change of motion 
produced by it is the effect that meaſures the cauſe; 
and not the ſpace deſcribed by it againſt the action 
of an uniform gravity, nor the hollows produced by 
the body falling into clay. This law of motion 1 
the ſureſt guide we can follow, in determining effect 
from their cauſes, or converſely the cauſes from ther 
effects. 


23. The harmony between the laws of preſſures 
or powers, that generate motion, and the laws d 
theſe motions themſelves, appears in a fuller light 


Powers acting in the directions a 8 and AD, (Fig. 40 
proportional to thoſe right lines, compound a powe 
that acts in the direction of the diagonal A c, andi 
meaſured by a c. Becauſe ac is leſs than a B+40, 
the power compounded from AB and AD is alwa)s 
leſs than thoſe powers themſelves; and this is full 
accounted for by reſolving the power A 3 into 4 
and an, (Fig. 5.) and the power A p into AK 

Ali 
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AL ; of which an and AL are oppoſite and equal 
and deſtroy each others effect, ſo that there remains 
AMA RE, Or Ac, the meaſure of the compounded 
power,” The favourers of the new opiniun agree 
with us in arguing in this manner, concerning 
powers and preſſures; but in a manner quite incon- 
W Gitent with this, in the compoſition and reſolution 
of forces. When the angle B A p is right, the com- 
W pounded force is equal to the ſum of the forces a B 
and A bp, according to them; and no force is loſt, 
notwithſtanding the oppoſite directions of the forces 
AL and AN; tho' it is not eaſy to conceive how this 
ſhould not have an effect in the compoſition of 
forces, as well as of powers and preſſures, When 
the angle B A D (Hg. 15.) is acute, the ſquare of the 
diagonal Ac exceeding the ſum of the ſquares of a 5 
and pc, (Euclid, 12. 2.) or of A D and A B, the two 
forces in the directions Ap and A muſt, according 
to the new doctrine, compound a force ac greater 
than their ſum, - Now this appears directly contra- 
dictory to the metaphyſical principle ſo much inſiſted 
on by them, that the effect is proportional to the 
cauſe which produces it; for, in this caſe, the effect 
is greater than the cauſe; and this ſeems to be as ab- 
lurd, in mechanics, as that two quantities collected 
together ſhould produce a. greater quantity than their 
lum, in geometry. When. this was, objected, the 
anſwer * given to it deſerves to be copied, for a ſpe- 
cimen, of, their way, of getting over difficulties ;: it is 
no more but that ** no abſurdity follows from the 
new opinion, which by meaſuring forces, not by 
* momenta, dut, by the ſquare. of the velocities, 
** concludes that on account of the angle DA B its 
being acute, the ſquare, of ac (which is the force 


dee Deſagulier's courſe of experimental philoſophy, vol. 2. 
i" the note at the bottom of Page 72. 
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& compounded) is greater than the ſquares of 41 
* and ap, the ſum of what they call the com. 
e pounding forces.“ | 


24. To illuſtrate this farther, ſuppoſe that the 
elaſtic body a (Fig. 16.) receives its force, in the 
direction A B, from the equal elaſtic body H, and in 
force, in the direction A D, from the equal elaſte 
body 6, at the ſame time. According to the patron 
of the new doctrine, the forces of H and 6 are com. 
municated to A by infinitely ſmall degrees, or by a 
uninterrupted ſucceſſion of preſſures, and the whole 
force communicated to A is the ſum of the effects q 
theſe preſſures. Now in every inſtant the preſſure, 
or infinitely ſmall force impreſſed on a, is leſs tha 
the ſum of the preſſures exerted in that inſtar 
by u and o, in proportion as AC is leſs than A p+ay, 

as is allowed on all ſides. © Therefore the ſum of al 
the preſſures, or the force impreſs'd on a, muſt bf 
leſs than the ſum of all the preſſures, or the ſum d 
the forces exerted by h and o, in the ſame propor 
tion of ac to ABA D; that is, the forces of a, 8, 
and o, muſt be as the lines Ac, AB and Ap, and nd 
as their ſquares, It is not poſſible to conceive ti 
| while the force in A ariſes from the accumulation d 
the preſſures, or infinitely ſmall forces, which it f. 
ceives every moment from the actions of n ande 
and each of theſe preſſures, or infinitely ſmall force 
is lefs than the ſum of the actions of h and o th 
produce them; yet the whole force of a ſhould nt 
vertheleſs exceed the ſum of the whole actions d 
forces of x and 6. I ſpeak here of infinitely {mil 
forces, to comply as much as poſſible with the fit 
of the favourers of this new opinion, To * tl! 
they gave no other anſwer than that what we di 
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forces here ought to be called momenta. But they 
pretend not to explain how the infinitely ſmall forces 
impreſſed upon aA, in the direction AC, Come to 
produce a finite force far greater than their ſum total; 
or how the effect ſhould be ſo far from correipond- 
ing to the cauſe; the metaphylical principle which 
they ſeem to uſe, or reject, juſt as it ſcrves their turn. 
If we ſuppole the angle B a Þ to be infinitely acute, 
the ſame forces (according to the new opinion gene- 
rate a force in a which exceeds their ſum as much as 
the ſquare of a B+a H exceeds the ſum of the ſquares 
of AB; and AD; ſo that if A D be equal to a x, they 
will in that caſe generate at A a force double of their 
ſum, for then the ſquare of A BTA D will be equal 
to the ſquare of 2 AB, that is to 4 AB  tho' the 
two equal forces which are ſuppoſed to produce this, 
taken together, amount only to 2 A B, according to 
their own computation ; ſo that, in this caſe, a cauſe 
produces an effect of the ſame kind double of itſelf. 
To this it has been Þ anſwered, that, according to 
the new opinion, a double momen:um may produce a 
quadruple effect, if the velocity is double, Bur 
ſurely the author who gave this anſwer did not attend 
to the objection; for what we have proved, is not 
that a double momentum produces a quadruple effect, 
but that a double force, according to their own no- 
tion and computation, produces a quadruple force, 
according to the ſame notion and computation. 
And indeed the ſum of the anſwers they have made 
to the abſurdities which have been deduced trom 
their favourite opinion amounts to this, viz. that 
they are no abſurdities becauſe their new opinion 
obliges them to admit them. | 


T Ibid. p. 74, in the notes. 
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” compounded) is greater than the ſquares of ay 
* and Ab, the ſum of what they call the com. 
„ pounding forces.“ | 


24, To illuſtrate this farther, ſuppoſe that the 
elaſtic body a (Fig. 16.) receives its force, in the 
direction A B, from the equal elaſtic body H, and it 
force, in the direction A p, from the equal elaſte 
body o, at the ſame time. According to the patron 
of the new doctrine, the forces of H and & are com. 
municated to A by infinitely ſmall degrees, or by n 
uninterrupted ſucceſſion of preſſures, and the whak 
force communicated to A is the ſum of the effects d 
theſe preſſures. Now in every inſtant the preſſur, 
or infinitely ſmall force impreſſed on A, is leſs tha 
the ſum of the preſſures exerted in that inſtar 
by n and 6, in proportion as AC is leſs than A B+an, 
as is allowed on all ſides. © Therefore the ſum of al 
the preſſures, or the force impreſs'd on a, mult te 
leſs than the ſum of all the preſſures, or the ſum d 
the forces exerted by n and o, in the ſame propor 
tion of ac to a B+aD; that is, the forces of a, #, 
and o, muſt be as the lines Ac, AB and Ap, and nd 
as their ſquares, It is not poſſible to conceive ti 
while the force in A ariſes from the accumulationd 
the preſſures, or infinitely ſmall forces, which it x. 
ceives every moment from the actions of h and, 
and each of theſe preſſures, or infinitely ſmall force 
is lefs than the ſum of the actions of h and 6 tit 
produce them; yet the whole force of a ſhould ge. 
vertheleſs exceed the ſum of the whole actions 0 
forces of n and 6. I ſpeak here of infinitely ſmil 
forces, to comply as much as poſſible with the ſi 
of the favourers of this new opinion, To * i 
they gave no other anſwer than that what we 0 
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forces here ought to be called momenta. But they 
pretend not to explain how the infinitely ſmall forces 
impreſſed upon à, in the direction ac, come to 
roduce a finite force far greater than their ſum total; 
or how the effect ſhould be ſo far from correipond- 
ing to the cauſe; the metaphylical principle which 
they ſeem to uſe, or reject, juſt as it ſerves their turn. 
If we ſuppoſe the angle B a Þ to be infinitely acute, 
the ſame forces (according to the new opinion gene- 
rate a force in a which exceeds their ſum as much ag 
the ſquare of a B+ a f exceeds the ſum of the ſquares 
of aB and AD; ſo that if aÞ be equal to a B, they 
will in that caſe generate at A a force double of their 
ſum, for then the ſquare of a BA D will be equal 
to the ſquare of 2 A B, that is to 4 as * ; tho' the 
two equal forces which are ſuppoſed to produce this, 
taken together, amount only to 2 AB, according to 
their own computation ; ſo that, in this caſe, a cauſe 
produces an effect of the ſame kind double of itſelf. 
To this it has been Þ anſwered, that, according to 
the new opinion, a double momen:um may produce a 
quadruple effect, if the velocity is double, But 
ſurely the author who gave this anſwer did not attend 
to the objection; for what we have proved, is not 
that a double momentum produces a quadruple effect, 
but that a double force, according to their own no- 
tion and computation, produces a quadruple force, 
according to the ſame notion and computation. 
And indeed the ſum of the anſwers they have made 
to the abſurdities which have been deduced from 
their favourite opinion amounts to this, v/z. that 
they are no abſurdities becauſe their new opinion 
obliges them to admit them, | | 
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25. The reſolution of powers, or preſſures, is a 
neceſſary conſequence of their compoſition, As mo- 
tion is loſt in the compoſition, ſo it is neceſſarily 
gained in the reſolution of motion; and as this is 
allowed of motions, and of the powers that generate 
motion, there can be no good reaſon given why it 
ought not to be allowed of the effects of thoſe 
powers, or of the force of bodies. The ſame rea- 
ſons that argue for an increaſe in the one caſe, prove, 
with the ſame evidence, that an increaſe of the other 
ougght » likewiſe to be allowed. Let the body e 

(Fig. 17.) moving in the direction ve, the diagonal 
of the parallelogram c 1. D k, ſtrike the equal body 
A obliquely, ſo as to impell it in the direction ca 
the continuation of ek, and at the ſame time the 
| * body B, in the direction c s the continuation 
of c 1; the body a will proceed in the right line ca, 
and the body s will proceed in the direction e 8; the 
continuation of c, and c having communicated al 
its force to them will ſtop. It will not appear ſtrange 
that the motions and forces of A and B; exceed the 
motion or force of c, if we conſider that e commu- 
nicates the whole motion or force e xk to a, and the 
whole motion or force cL to B, that the reſiſtance 
or inertia of A reatting upon o, not in the direction 
of its motion cp, but in the direction e k oblique 
to it, the abſolute motion or force of c, in the direc- 
tion pc, is not ſo much diminiſned by this reaction 
as if it was directly oppoſite to the motion of c; for 
no power, or reſiſtance, can produce ſo great an 
effect in any direction as in that wherein it acte. In 
like manner the reaction of s deſtroys the motion 
or force Lo in the body c, in the direction in which 
B reacts; but not ſo great a motion or force in the 
direct ion pc to which it is oblique z and thus it 2p 
pears, that the motion or force of c, in the Crocs 
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pc, muſt neceſſarily be leſs than the ſum of the mo- 
tions or forces of the bodies a and 8 in their reſpec- 
tive directions. If it be objected, that, in this caſe, 
the motion of c, in the direction pc, is the cauſe of 
the motions of A. and B, in the directions ca. and 
cB; ſo that a cauſe produces effects whoſe ſum is 
greater than itſelf ; in anſwer to this, we have already 
obſerved, that as this is allowed on all hands of mo- 
tions and preſſures, it cannot be abſurd to extend it. 
to forces, but muſt obtain in them for the ſame rea- 
ſons, But farther, we are to obſerve, that, in con- 
ſequence of the inertia of body, it not only reſiſts 


any change of its motion, but likewiſe any change 


in the direction of; its. motion; and that when the 
action of bodies upon each other is not in a right 
line, both theſe are to be taken into the account. 
Suppoſe the body c firſt to ſtrike upon a, then the 
reaction of A has a twofold effect; it ſubducts ſome- 
what from the motion or force of e, and at the ſame 
me it produces a change in the direction of e; and 
the reaction of A (to which the motion or force pro- 
duced in it is equal) is not to be eſtimated by one of 
thoſe effects only, but by both conjointly. After 
the body c has ſtruck. A, it proceeds in the right line 
eg with a motion or force as er, and, impinging 
upon directly, it communicates its whole motion 
or force to B which reacts directly againſt it. We 
have ſuppoſed the bodies c, Aa, and B; to be perfectly 
elaſtic, in conformity to the ſuppoſitions of our op- 
ponents, ſome of whom confine themſelves in their 
enquiries to theſe only. 


26. If we ſubſtitute ſprings in place of the bodies 

A and n, and their reſiſtances be meaſured by e x 
and c L, it will appear, in the fame manner, that 
the reſiſtances of thoſe ſprings are not the proper 
meaſures of the force of the body c, but. that taken 
e toge 
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together they muſt exceed it; for the ſpring A acts 
at a diſadvantage againſt the motion or force of c. 
It has its whole effect in the direction ck in which it 
reſiiis; but not ſo great an effect in the direction 
© D, which is oblique to that in which it acts. If 
the ſpring a acted with tne ſame advantage as 3, 
they would together produce a greater effect than in 
the ſituation they have in the figure; and therefore 
the greateſt reſiſtances which they are able to exert 
taken together, muſt exceed the force of the body 
c. Thus it appears that this argument, inſtead of 
overthrowing our doctrine, confirms it, and that 
they who advanced it ſuppoſed thofe forces to be 
equal, which, according to the known principles of 
mechanics, are unequal, If it 1s aſked what be- 
comes of the exceſs of the force of the ſpring a, 
above what is ſubducted from the force of c ? It may 
be anſwered, that it is not without its effect: for the 
direction of the body is changed from the line pc 
into the right line oB; and no principle, either in 
metaphyſics or mechanics, teaches us that this effect 
is to be negleCted, in comparing the cauſe and effects 
together on this occaſion. On the contrary, many 
inſtances might be given where a force is employed 
in producing a change in the direction of a motion 
of a body only, without either accelerating or te- 
rarding it. The force that is ſufficient to carry 2 
body upwards in the perpendicular to the horizon, 
to a double diſtance from the centre of the earth, 
is equal to that which, impreſſed in a horizontal di- 
rection, would carry it in a circle about the earth 
for ever, abſtracting from the reſiſtance of the air; 
as appears from the theory of gravity : and yet the 
firſt would overcome the reſiſtance ariſing from the 
gravity of the body for a certain time only ; whereas 
the other would overcome that reſiſtance for ever, 
without any diminution of motion. In the N 
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caſe, the gravity of the body would act directly 


againſt its force; in the ſecond, it would act in a line 

rpendicular to the direction of its motion: in the 
firſt caſe, the action of gravity is entirely employed 
in conſuming the force of the bogy ; in the other, 
in changing its direction only. The arguments 
drawn in favour of the new opinion from the reſo— 
Jution of mo ion, ſeem, at firſt hight, the moſt plau- 
E ſible of any that have been offered for it; but, from 
che conſiderations which we have ſuggeſted, it may 
appear to an impartial reader, that inſtead of over- 
E throwing the common doctrine, they rather confirm 
it. As, in other inſtances, Mr. Leibnitz's followers 
neglect the conſideration of time, in reaſoning con- 
cerning the forces of bodies; fo here we find that 
they have not due regard to the directions of mo- 
tions and forces, in eſtimating and comparing their 
effects; which, however, in mechanical enquiries, 
are of no leſs importance than the motions or forces 
themſclyes, | 


27, We have inſiſted on theſe obſervations, be- 
cauſe they ſet the theory of motion in a plain and 
jut light. We often obtain this advantage from 
diſputes concerning the elementary propoſitions of 
2py ſcience, that they are the more carefully en- 
quired into, and when found juſt, are illuſtrated and 
the better underſtood for having been diſputed. 
We cannot, however, leave this ſubject without 
mentioning an experiment, made by the ingenious 
and accurate Mr, Graham, to whom the mechanical 
ſciences are ſo much indebted. He prepared a pen- 
dulous body with a cavity in it capable to receive 
another body of an equal weight, at the loweſt point 
of its vibration; and when the body was drop'd into 
t, he found, by the ſubſequent vibration, that the 
velocity of the double maſs was preciſely one half of 
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what the velocity of the pendulum was before from 
which it appears, that the ſame force produces in 
a double quantity of matter one half of the velocity 
only; which is agreeable to the common doctrine, 
but directly repugnant to the new one, concerning 
the forces of bodies in motion, Many ingenious 
pieces have been writ againſt this new doctrine 

learned men, to which we refer the reader who de. 
ſires to ſee more on the ſubject *. It is pretended, 
that by this new doctrine we are enabled to reſolye 
problems in an eaſy manner, which are otherwiſe of 
great difficulty; but by the rejecting hard and in- 
flexible bodies, there is more loſt than gained in this 
reſpect, as we have ſhewn elſewhere, and as wil 
appear afterwards, when we come to determine more 
particularly the effects of the colliſions of bodies. 


28, It is becauſe action and reaction are always 
equal, that the mutual actions of bodies upon one 
another have no effect upon the motion of the com- 
mon centre of gravity of the ſyſtem to which they 
appertain. If there was any action in the ſyſtem 
that had not a contrary and equal reaction always 
correſponding to it, it would affect the ſtate of the 
centre of gravity of the ſyſtem, and diſturb its mo- 
tion: and, converſely, if it be allowed that the ſtate 
of the centre of gravity of a ſyſtem is not diſturbed 
by the actions of bodies upon one another that are 
its parts, we may conclude that their actions are 
mutual, equal, and have contrary directions. It 
will therefore be found agreeable to the courſe of 
thinge, and to perpetual experience, that the third 
law of motion be extended generally to all ſorts of 


As a piece of Mr. de Mairan, in the memoires de Iac- 
demie royale des ſciences 1728. Seyeral pieces of Dr. Furin, 
philoſophical tranſactions, &c. 
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| when thoſe powers are found to depend upon the 
bodies that are ſaid to attract or repell, as well as 


the loadſtone attracts iron, and that iron attracts the 


each other equally, they remain at reſt when they 
come into contact. If a mountain by its gravity 
preſſed upon the earth, and the earth did not react 


neceſſarily carry the earth before it, by its preſſure, 
with a motion accelerated in inſinitum. The ſame is 
to be ſaid of a ſtone, or the leaſt part of the earth, 
as well as of a mountain. Bodies act upon light in 


fracting it when it enters into them; and converſely, 
light acts upon bodies by heating them and putting 
their parts in motion. This equality of a#i9 and 
reaction obtains ſo generally, that when any new 
motion is produced by any power or agent in na- 
ture, there is always a correſponding equal and op- 
poſite motion produced by its reaction at the ſame 
time, or ſome equal motion in the ſame direction 
deſtroyed, When from an engine a weight is 
thrown, the engine reacts with an equal force on the 
earth or air, If it was not for this law, the ſtate 
of the centre of gravity of the earth would be af- 
tected by every action or impulſe of every power 
or agent upon it. But by virtue of this law, the 
ſtate of the centre of gravity of the earth, and the 
general courſe of things, is preſerved, independent 
of any motions that can be produced at or near its 
ſurface, or within its bowels. By the ſame law, 
the ſtate of the leſſer ſyſtems of the planets, - 


\ 


wers that take place in nature, thoſe of attrafion: 
and repulſion as well as others, (and not to be a ſup- 
& poſition arbitrarily introduced by Sir Iſaac Newton;) 


q upon thoſe that are attratFed or repelled, We find 


© toadſtone with equal force; and becauſe they attract 


| equally on the mountain; then the mountain would 


| proportion to their denſity, cæteris paribus, by re- 
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what the velocity of the pendulum was before; from 
which it appcars, that the ſame force produces in 
a double quantity of matter one half of the velocity 
only; which is agreeable to the common doctrine, 
but directly repugnant to the new one, concerning 
the forces of bodies in motion. Many ingenious 
pieces have been writ againſt this new doctrine 

learned men, to which we refer the reader who de. 
ſires to ſee more on the ſubject *. It is pretended, 
that by this new doctrine we are enabled to reſolve 
problems in an eaſy manner, which are otherwiſe of 
great difficulty; but by the rejecting hard and in- 
flexible bodies, there is more loſt than gained in this 
reſpect, as we have ſhewn elſewhere, and as wil 
appear afterwards, when we come to determine more 
particularly the effects of the colliſions of bodies. 


28. It is becauſe aFion and reaction are always 
equal, that the mutual actions of bodies upon one 
another have no effect upon the motion of the com- 
mon centre of gravity of the ſyſtem to which they 
appertain. If there was any action in the ſyſtem 
that had not a contrary and equal reaction always 
correſponding to it, it would affect the ſtate of the 
centre of gravity of the ſyſtem, and diſturb its mo- 
tion: and, converſely, if it be allowed that the ſtate 
of the centre of gravity of a ſyſtem is not diſturbed 
by the actions of bodies upon one another that are 


its parts, we may conclude that their actions are 


mutual, equal, and have contrary directions. It 
will therefore be found agreeable to the courſe of 
thinge, and to perpetual experience, that the third 
law of motion be extended generally to all forts of 


| „As a piece of Mr. de Mairan, in the memoires de Jaca 
demie royale des ſciences 1728. Several pieces of Dr. Juris, 
philoſophical tranſactions, &c. | 
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owers that take place in nature, thoſe of aſtrattias 
and repulſion as well as others, (and not to be a ſup- 
poſition arbitrarily introduced by Sir Iſaac Newton;) - 
| when thoſe powers are found to depend upon the 
bodies that are ſaid to attract or repell, as well as 
upon thoſe that are attraed or repelled, We find 
the loadſtone attracts iron, and that iron attracts the 
E joadſtone with equal force; and becauſe they attract 
each other equally, they remain at reſt when they 
come into contact. If a mountain by its gravity 
| preſſed upon the earth, and the earth did not react: 
| equally on the mountain; then the mountain would 
| neceflarily carry the earth before it, by its preſſure, 
with a motion accelerated in inſinitum. The ſame is 
to be ſaid of a ſtone, or the leaſt part of the earth, 
as well as of a mountain. Bodies act upon light in 
proportion to their denſity, ceteris paribus, by re- 
fracting it when it enters into them; and converſely, 
light acts upon bodies by heating them and putting 
their parts in motion. This equality of adion and 
reaction obtains ſo generally, that when any new 
motion is produced by any power or agent in na- 
ture, there is always a correſponding equal and op- 
polite motion produced by its reaction at the ſame 
time, or ſome equal motion in the ſame direction 
deſtroyed, When from an engine a weight is 
thrown, the engine reacts with an equal force on the 
earth or air. If it was not for this law, the {tate 
of the centre of gravity of the earth would be af- 
fected by every action or impulſe of every power 
or agent upon it. But by virtue of this law, the 
ſtate of the centre of gravity of the earth, and the 
general courſe of things, is preſerved, independent 
of any motions that can be produced at or near its 
ſurface, or within its bowels. By the ſame law, 
che ſtare of the leſſer ſyſtems of the planets, 2 
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the repoſe of the general ſyſtem, is preſerved, with. 
out any diſturbance from the actions of whatever 
agents there may be in them. We muſt therefore 
allow, that in the a“tracting and repelling powers 
which obtain in nature, from whatever ſort of cauſe 
they may ariſe, ation and reaction are always equal; 
and ſince this law obtains in all ſorts of motions that 
ariſe from impulſe, we may be the more ſurprized if 
we ſhould find the philoſophers that explain thoſ: 
powers from impulſe call it in queſtion, Even in 
the motions produced by voluntary and intelligent 
agents, we find the ſame law take place ; for tho' 
the principle of motion, in them, be above mecha- 
niſm, yet the inſtruments waich they are obliged to 
employ in their actions are ſo far ſubject to it as this 
law requires, When a perſon throws a ſtone, for 
examp'c, in the air, he at the ſame time reacts upon 
the earth with an equal force ; by which means the 
centre of gravity of the earth and ſtone perſevere 
in the ſame ſtate as before. And the neceſſity of 
this law, for preſerving the ' regularity and unifor- 
mity of nature, well deſerved the attention of thoſe 
who have wrote ſo fully and uſefully of final cauſes, 
if they had attended to 1t, 17 


NAK F. I. 
Of the mechanical powers. 


1. HE knowledge of mechanics is one of 

1 thoſe things that contribute moſt to diſtin- 
guiſh civilized nations from barbarians : the works of 
art derive their chief beauty and value from it; and 
without it we can make very little progreſs in the 
knowledge of the works of nature. It is by this 
ſcience that the utmoſt improvement is made , 

CV 
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every power and force in nature, and the motions 
of the elements, water, air, and fire, are made ſub- 
{rvient to the purpaſes of life, when induſtry, with 
materials for the neceſſary inſtruments, are not want» 
ing. However weak tne force of man apprars to 
be, when unaſſiſted by this art, yet with its aid, there 
is hardly any thing above his reach. It is a ſcience 
that admits of the ſtricteſt evidence; and certainly 
it eis worth while to eſtabliſh it on its Juſt principles, 
and to cultivate it with the greateſt diligence. 
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B Ir is diſtinguiſhed by Sir Iſaac Newton into prafti- 
Cal and rational mechanics; the former treats of the 
mechanical powers, viz. the lever, the axis and 
E che, the pulley, the weaze, and the ce, to which 
me inclined Plane is to befadded ; and of their vari- 
© 0s combinations together. Rational mechanics 
comprehends the whole theory of motion; and ſhews, 
when the powers or forces are given, how to deter- 
mine the motions that are produced by them; and, 
converſely, when the phænomena of the motions 
are given, how to trace the powers or forces from 
which they ariſe, Thus it appears that the whole 
of natural philoſophy, beſide: the deſcribing the 
phenomena of nature, is little more than the pro- 
per application of rational mechanics ro thoſe phæ- 
nomena; in tracing the powers that operate in na- 
ture from the phenomena, we proceed by analyſis; 
and in deducing the phænomena from the powers or 
cauſes that produce them, we proce by /yntheſts, 
But in either caſe, in order to proceed with certain- 
ty, and make the greateſt advances, it is neceſſary 
that the principles of this art ſhould be premiſed and 
clearly eſtabliſhed, being the grounds of our whole 
work. We have already conſidered the inertia or 
paſſive nature of body, according to which it perſe- 
yeres in its ſtate of motion or reſt, receives motion 
| wm 
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in proportion to the force impreſt, and reſiſts 2 
much as it is reſiſted ; which is the ſum of the three 
general laws of motion : from which, and their ge. 
neral corollaries, demonſtrated in the laſt chapter, 
we are now to deduce the principles of mechanics, 
As theſe laws and their corollaries take place, tho 
the cauſes of the motions, the nature of the impreſt 
force, or of the reſiſtance, be unknown or obſcurely 
underſtood ; ſo the obſcurity of the nature and cauſe 
of the power that produces the motions, does not 
hinder us from tracing its effects in mechanics with 
ſufficient evidence, provided we can ſubject its action 
to a juſt menſuration: and, in fat, we know that 
excellent contrivances have been invented for raiſing 
weights,. and overcoming their reſiſtances, by ſuch 
as gave themſelves no trouble to enquire into the 
cauſe of gravity. 


2. In treating of the mechanical engines, we al. 
ways conſider a weight that is to be raiſed, the power 
by which it is to be raiſed, and the inſtrument or en- 
gine by which this effect is to be produced. There 
are two principal problems that ought to be reſolved 
in treating of each of them. The firſt is, <* to de- 
* termine the proportion which the power and 
« weight ought to have to each other, that they 
« may juſt ſuſtain one another, or be in equi 
&«& þr;o.” The ſecond is, to determine what 
« ought to be the proportion of the power and 
% weight to each other, in a given engine, that it 
* may produce the greateſt effect poſſible, in a give 
& time.” All the writers on mechanics treat of the 
firſt of theſe problems, but few have conſidered the 
ſecond; tho? in practice it be equally uſeful as the 
other. As to the firſt, there is a. general uniform 
rule that holds in all the powers, is founded. on the 
laws of motion, and. is another inſtance of tie 
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beauty and harmony that reſults from the ſimplicity 
of the theory of motion deſcribed in the laſt chap- 
ter. Suppoſe the engine to move, and reduce the 
E velocities of the power and weight to their reſpec- 
tive directions in which they act; find the propor- 
tion of thoſe velocities; then if the power be to the 


= weighs, as the velocity of the weight is to the velo- 
city of the power, or, ( which amounts to the ſame 


thing) if the power multiplied by its velocity give 
E the ſame product as the weight multiplied by its ve- 
locity, this is the caſe wherein the power and weight 
& ſuſtain each other and are in æꝗguilibrio: ſo that in this 
& caſe, the one would not prevail over the other, if 
the engine was at reſt; and, if it is in motion, it 
Vould continue to proceed uniformly, if it was not 
for the friction of its parts, and other reſiſtances. 
This principle has a plain analogy to that by which 
the equality of the motions, or forces, of bodies 
was determined in general, in chap. 2. 5 19. For, 
as the motion of bodies are equal, and deſtroy each 
others effect, if their directions are contrary, when 
the firſt is to the ſecond, as the velocity of the ſe- 
cond is to the velocity of the firſt, the greater velo- 
city of the leſſer body juſt compenſating its defi- 
ciency in quantity of matter; ſo the actions of the 
power and weight are equal, and deſtroy each others 
effect upon the engine, when the power is to the 
weight, as the velocity of the weight is to the velo- 
city of the power. But tho? it is uſeful. and agree- 
able, to obſerve how uniformly this principle prevails 
in engines of every fort, throughout the whole me- 
chanics, in all caſes where an equilibrium takes place; 
yet it would not be right to reſt the evidence of ſo 
important a doctrine upon a proof of this kind only. 
Therefore we ſhall demonſtrate the law of the ægui- 
librium in the lever or vefis (which is the foundation 
of all the other propoſitions of this kind in mecha- 

nics) 
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nics) by a new method, that ſeems to us to hs 
founded on the plaineſt and moſt evident principles, 
to which we ſhall ſubjoin the demonſtration given hy 
Sir Iſaac Newton of the ſame law, and that which 
aſcribed to Archimedes, 


3. In the fr ft place it is evident, that if equi 
powers act at equal diſtances on different ſides of the 
prop, or centre of motion, with directions oppoſi 
and parallel to each other, they will have the ſame 
effect. Thus, A (Fig. 18.) being biſected in e, i 
a power A act upon the lever in the direction ay, 
and an equal power B act upon it with an oppoſir 
and parallel direction Be, then the effects of thol: 
powers, to move the lever about the centre c, vil 
be preciſely equal; ſo that the one may be alway; 
ſubſtituted for the other, A ſecond principle is, the; 
gravity being ſuppoſed to act in parallel lines, if the 
prop e (Fig. 19. u. 1.) be between the bodies a ant 
B, it muſt bear the ſum of their weights; becaul 
the lever being loaded with thoſe weights, it mut 
give way it the prop does not ſuſtain their ſum; 
but that when the powers A and ; are on the ſam 
ſide of the prop or fulcrum c, (Fig. 19. u. 2.) ! 
which caſe one of them, as a, mult pull upward; 
while the other B pulls downwards, that there mi 
be an equilibrium, it is then only loaded with tit 
difference of the powers a and B, The one of tho: 
caſes always follows from the other, if we conſide; 
that in the caſe of the equilibrium, any one of tit 
three powers that act at a, B, and e, may be con 
dered as that of the prop, and the other two as el. 
deavouring to turn the lever about it. From tht! 
principles we deduce the law of the equilibrium i 
the lever, in the following manner, 


4. up 
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4. Suppoſing firſt two equal powers, Aa and n 
(Fig. 20.) acting in the directions Ar, BH, to carry 
a body c, upon the lever a B, placed at c at equal 
| diſtances from them; it is evident, that, in this caſe, 
each of the powers a and B ſuſtains one half of the 
weight c, by dividing it equally between them. 
Imagine now that the power a is taken away, and 
that inſtead of reſting upon it, the end a of the 
lever reſts upon a prop at A; it is manifeſt that the 

power B, and the prop at A, ſuſtain, as before, each 
one half of the weight c ; the prop now acting, in 
every reſpect, as the power at 4 before; and, the 
equilibrium continuing, it appears, that, in this caſe, 
a power B equal to one half of the weight e ſuſtains 
and ballances it, when the diſtance of c from the 
prop A is one half of the diſtance of B from the 
ſame ; that is, when B is toc, as CA to BA, or 
BBA K A. From this ſimple inſtance we fee, 
that powers act upon a lever not by their abſolute 
force only, but that their effect neceſſarily depends 
upon the diſtance of the point where they act from 
the prop, or centre of motion; and particularly, 
that a power ballances a double power which acts at 
half its diſtance from the prop, on the ſame fide of 
it, with an oppoſite direction. 
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The caſe when the two powers act on different 
ſides of the prop, follows from this, by the princi- 
ples laid down in the laſt article. For let ; H and 
cc (Fig. 21.) repreſent the directions and forces 
with which the powers B and c act upon the lever; 
upon Ba produced take at equal to Ac, or + AB, 
and in place of the power o ſubſtitute an equal 
power EK at E, wich an oppoſite direction; and, by 
the firſt of thoſe principles, this power EK will have 
tNe ſame effect as co, only the prop, or centre of 
mo- 
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4 motion, A will now ſuſtain the ſum of the forces 
F E K and u, by the. ſecond principle in the |} 
„ article. But the equilibriym between the powers zy 
0 and E K will continue. as it was before between By 
and eo; ſo that the powers B, H and x K will be j 
equilibrio, when the, power B. H is one half. of xx, 
; and the diſtance, of x K from the prop, a is one hat 
1 of the diſtance of B; H from the ſame; that is, wher 
1 the power at B-is to the power at E, as A E to ay, 
or BXBAZEXEA. In this caſe, the prop a being 
loaded with both the powers 3 and E which act wit 
the ſame direction, its reaction muſt be equal to their 
ſum xx TBH Bn, and muſt. be in the oppoſit 
direction AF. In place of this reaction let us noy 
(Fig. 22.) ſubſtitute a power Ar at A, equal to 
thrice 3 H; and in place of the power Ek, let u 
ſubſtitute a prop at E, ſuſtaining that end of the 
lever 3E; and ſince the æguilibrium continues 4 
before, it follows: that the prop, or centre of motion, 
being at x, the power B H ſuſtains the power 4 
which is triple of B H, when the diſtance of 33 
from the prop x is triple of the diſtance of the 
power ar from the ſame, that is, when 5 HN 
AFX AE. 


—— 8 — 9 


If we ſuppoſe the power x Kto remain (Fig. 23. 
but the end 3 of the lever x B to reſt upon a prop, 
then the powers Ar and EK will ſuſtain, and ballanc 
each other, the prop at B now coming in place d 
the power Bn; in which, 4 F=3 BH, and £ = 
2BH; ſo that A r is to E Kk as 3 to 2; and the di. 

tances E R and AB being in the ſame Proportion 1 
appears that when two powers in the proportion d 
3 to 2 act upon a lever on the ſame {ide of the prop, 
or centre of motion, with oppoſite directions, 4 
diſtances in the proportion of 2 to 3, they tit" 


ſuſtain each other. We have demonſtrated * 
. Ole, 
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ore, that when the powers are in the proportion 
W.ither of 2 to x, or of 3 to 1, orof 3 to 2, and 
Wc diſtances of their application from the centre of 
Wnotion are in the inverſe proportion, then thoſe 
Powers ballance each other, or are in æguilibrio. 


5. Upon BE produced (Fig. 25. u. 1.) take E L 
g and in place of the power Ar ſubſtitute a 
Power LM Ar, but with a contrary direction; this 
Power LM will have the ſame effect to turn the lever 
ound the centre of motion x as Af had, by the ſirſt 
Wprinciple in & 3; conſequently it will be in 29ui/ibrio 
Vith the power BH, as AF was, Therefore when 
vo powers LM and BH, in the proportion of 3 to 1, 
z& upon a lever with the ſame direction, they are in 
guilibrio, if their diſtances from the centre of mo- 
on LE and EB be in the ratio of 1 to 3; that is, 
hen LMXLE=ZBHXBE. In this caſe, the powers 
u and B H acting with the ſame direction, the prop 
+ muſt ſuſtain their ſum LM +BH=4 BH, by the 
econd principle of $ 3. Therefore a power at L as 
„ and a power acting at ; with the ſame direction 
$ 1, are ſuſtained by a power acting at x, with a 
ontrary direction, as 4, From which it follows, 
dy ſubſtituting in the place of the power L 1 a prop 
tt, that a power at B as 1 ſuſtains a power at E as 
acting with a contrary direction, when B L is to 
L as 4 to 1; that is, when the powers are inverſely 
$ their diſtances from the prop, or centre of mo- 
on. By ſubſtituting the prop at s in the place of 


dil nc power BH, it appears that a power LM at L, as 
, " ſuſtains a power, acting with an oppoſite direc- 
ach Won, at E, as 4, when their diſtances LB and EB 
tor: om the prop B, are to each other as 4 to 3, or 


hen LMXLB=EKXEB. By taking upon 18 pro- 
uced Be B E, (Fig. 24. 1. 2.) and in place of the 
ower at x, ſubſtituting an equal power at e with a 
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Y contrary direction, it appears, by the firſt principe 
K in 3. that a power at L as 3 ſuſtains a power a8. 
4 ing at e, with the ſame direction, as 4, when the 
| diſtance LB is to the diſtance eB, as 4 to 3. In this 
| caſe, the prop at B ſuſtains the ſum of the power 
| acting at L and e, that is, a power equal to ſeven 
F times u. From which it follows, by ſubſtituting a 
prop at L, or e, in place of the powers that at 
there, that a power at e as 4 ſuſtains a power at 
as 7, about the centre of motion L, when their 
. diſtances from it e 1, BL are to each other as 7 0 
I 4: and that a power at L as 3 ſuſtains the power 

at B as 7, about the centre of motion e, when ther 
diſtances from it, Le and Be, are to each other x 


7 tO 3. 


6. By proceeding, in this manner it appears, tht 
when the powers are to each other as number 9 
number, and when their diſtances from the cen. 
tre of motion are in the inverſe ratio of the ſame 
f numbers, then the powers ſuſtain each other, or ar 
kf in æquilibrio. From which it is eaſy to ſhew, in ge- 

ö neral, that when the powers are to each other in an 
ratio, tho* incommenſurable, and the diſtances 0! 
their application from the centre of motion in tit 
| ſame. inverſe ratio, then they are in æquilibrio; b. 
th cauſe the ratio of incommenſurable quantitics my 
be always limited, to any degree of exactneſs at pa- 
ſure, between a greater and a leſſer ratio of num 
to number. And this I take to be the moſt dirt 
and natural proof of the law of equilibrium in the 
lever, the fundamental propoſition of mechanics. 
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„ bodies a and B, it is the ſame point which was call 
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3 their centre of gravity, chap. 2. § 13. And hen 


＋ it appears, that when the two bodies are ſupport 
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the centre of gravity be ſuſtained, then the bodies 
ſhall be ſuſtained, | 


If two powers or weights, B and p, (Hg. 25.) 
act upon a lever at the diſtances ; e and p from 


upon the lever ſhall be in the fame proportion of 
Inc to ppc; that is, in the ratio compounded 
Jof the ratio of the powers, or weights, and that of 
their diſtances from the centre of motion. For the 
effort of B is ſuſtained by a, if Ax Ac be equal to 
e; and the effort of the power p is ſuſtained by 
applied at the diſtance ca, if KXAc=DXDc. 


upon the lever, are in the ſame proportion to each 
other as the powers a and k, which, applied at the 
lame diſtance e a from the centre of motion, ſuſtain 
them, or as Ax Ac to Kk Ac, and therefore as ee 
topxpc. From this it appears, that when any 
number of powers act upon a lever, if the ſum of 
e products that ariſe by multiplying each power by 
I's reſpective diſtance from the centre of motion, on 
ne ſide of it, be equal to the ſum of the products 
nat ariſe by multiplying each power on the other 
ide of the centre of motion by its reſpective diſtance 
rom it, then theſe powers ſuſtain each other, and 
e lever is in ↄjuilibrio. But by what was ſhewn 
ny 13. chap. 2. the centre of motion coincides, in 
Ms caſe, with what was there called the centre of 

gravity, Therefore if any number of powers or 
Weights act upon a lever, and, their centre of gra- 
ty being determined by the conſtruction in that 
Article, if the prop or fulcrum be applied at this cen- 
te, the lever ſhall be in equilibrio. In the fame 
manner, if any number of powers or weights be 
lid upon a plane that reſts upon a given right 
M 2 line 
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to be joined by an inflexible rod void of gravity, if 


the centre of motion, the forces with which they act 


But the efforts of the powers, or weights, B and p, 
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common centre of gravity x. For, by 5 14. chap. 


164 | Sir Isaac NewrToON's Book Il. 


line 11, (Fig. 26.) and the centre of gravity of al 
the powers or weights fall upon that line, the plane 
ſhall be in ↄguilibrio: for, by that article, the ſum 
of the products that ariſe by multiplying each power 
by its reſpective diſtance from the axis of motion, 
being equal on the different ſides of this axis, their 
efforts to move the plane muſt be equal and cos. 
trary, and deſtroy each others effect. Therefore 2 
the ſtate of any ſyſtem of bodies, as to motion ct 
reſt, depends on the motion or reſt of the point 
called the centre of gravity, by what was ſhewn 
above in the laſt chapter; ſo it is another notable 
property of this point, that if the bodies be joined 
together, and to it, by inflexible lines void of gra 
vity, and this point be ſuſtained, the whole ſyſtem 
Mall be ſuſtained and remain in £qwlibrio, 


8, When any powers B and p (Fig. 25, 26.) att 
upon a lever, endeavouring to turn it about the cen. 
tre of motion c, or when they act upon a plane, 
endeavouring to turn it about the axis of motion 11, 
their effect is the ſame as if a power or weight equal 
to their ſum was ſubſtituted in place of them at thei 


2, BXBC-EDXDC=B—+DXNC; or if Bb, Dd, NI 
be perpendicular to 1L in the points þ, d, u, then, 
by the ſame article, 8x #4-DX d TDA. | 
o, the centre of gravity of all the powers, or weights, 
that act upon the lever, fall on one ſide of e tht 
centre of motion; or the centre of gravity of all the 
powers that act upon the plane, is on one fide of tht 
axis 113 then the preponderancy will be on that ſide 
and will be the fame as if, in place of all the: 
powers, one power equal to their ſum was ſubſt 
tuted at their common centre of gravity. Fr" 
was ſhewn that px2c4-DXÞc—AXac=aÞ+B+0) 

| CC, 
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oc, when the power Aa acts on one fide and the 

wers B and p on the other, Therefore, as when 
the centre of gravity of the powers reſts upon the 
centre of motion, the whole is in æqguilibrio, and the 
prop c ſuſtains a force equal to their ſum ; ſo when 
the centre of gravity is not ſuſtained by the prop, 
but falls on one ſide of it, the preponderancy is on 
that ſide, and is the ſame as if all the powers or 
weights were collected together at that centre. The 
analozy between theſe ſtatical theorems, and thoſe 
in the theory of motion relating to this centre, de- 
ſcribed in the laſt chapter, deferve our attention; 
and farther illuſtrate the ſimplicity of this doctrine 
and the harmony of all its parts, 


9. Sir Jaac Newton demonſtrates the funda- 
mental propofition concerning the lever, from the 
reſolution of motion. Let c (Fig. 27.) be the cen- 
tre of motion in the lever K L; let a and B be any 
two powers, applied to it at K and 1, acting in the 
directions KA and LB, From the centre of motion 
e, let cM and cn be perpendicular to thoſe directions 
in u and x; fuppoſe cu to be leſs than C, and 
from the centre c, at the diſtance cn, deſcribe the 
circle NH D, meeting KA in o. Let the power A 
be repreſented by Þ a, and let it be reſolved into the 
power pe acting in the direction cp, and the power 
dr perpendicular to op, by compleating the paral- 
frlogram ADG. The power p, acting in the 
direction cp from the centre of the circle, or wheel, 
DHN towards its circumference, has no effect in turn- 
ing it round the centre, from p towards x, and tends 
only to carry it off from that centre. It is the part 
DF only that endeavours to move the wheel from 5 
towards x and , and is totally employed in this 
effort. The power B may be conceived to be ap- 
Plied at x as well as at 1., and to be wholly employed 

M 3 g in 
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in endeavouring to turn the wheel the contrary way, 
from & towards H and Do. If therefore the power: 
be equal to that part of A which is repreſented hy 
D r, theſe efforts, being equal and oppoſite, mui} 
deſtroy cach others effect; that is, when the power 
B is to the power A, as DF to DA, or, (becauſe of 
the ſimilarity of the triangles ar D, DM) as cw to 
CD, or as CM to CN, then the powers muſt be in 
equilibrio, and thoſe powers always ſuſtain each 
other that are in the inverſe proportion of the Gt. 
tances of their directions from the centre of motion; 
or, when the product of the one power multiplied 
by the diſtance of its direction from the centre, is 
equal to the product of the power on the other ſid: 
multiplied by the like diſtance from it. 


10. The demonſtration commonly aſcribed to 
Archimedes is founded upon this principle, that when 
any cylindric or priſmatic body is applied upon a 
lever, it has the ſame effect as if its whole weight 
was united and applied at the middle point of its 
axis. Let AB (Fig. 28.) be a cylinder of an uniform 
texture, c its middle point; and it is manifeſt, that 
if the point c be ſupported, the equal halves of the 
cylinder, ca and c, will ballance each other about 
the point c, and the body will remain in equilzbric 
Let the cylinder a B be diſtinguiſhed into any un- 
equal parts, Ab and DB; biſect A D in E, andD8 
in F; then a power applied at E, equal to the weight 
of the part A b, with a contrary direction, wil 
ſuſtain it; and a power applied at r, equal to the 
weight of the part DB, with a contrary direction, 
will ſuſtain that part; ſo that theſe two powers act. 
ing at x and r, reſpectively equal to the weights d 
AD and DB, have preciſely the ſame effect as a prop 
at c, ſuſtaining the whole cylinder a B, and may be 
conſidered as in £39u7/75ri9 with a power, acting at ; 

eq 
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equal to the whole weight of the cylinder, But the di- 
ſtance CEZCA—AE=zAB—LAD=LDB; and, in like 
manner, the diſtance c F=CB—B F=+ AB—- 2 DB 
Ab; conſequently c x is to CF, aSDB to Ap; 
that is, as the power applied at F to the power ap- 
plied at E, theſe being in equi/ibrio with the weight 
of the whole cylinder applied at c. From which it 
appears, that powers applied at x and r, which are 
to each other in the proportion of or to c x, ſuſtain 
one another about the centre c, 


11. Suppoſe the lever A 3 (Fig. 29.) wich the 
weights a and B, to turn round the centre c; the 
bodies a and B will deſcribe ſimilar arcs aa and Bb; 
and aa will be to B, as ca to oB, or as B to A; 
conſequently A X A @=BX B; that is, the momenta, 
or quantities of motion, of A and B will be equal; 
and conſidering one of them as the power and the 
other as the weight, the power will be to the weight, 
as the velocity of the weight to the velocity of the 
power, Therefore in this, as in all mechanical en- 
gincs, when a ſmall power raiſes a great weight, the 
velocity of the power is much greater than the velo- 
city of the weight; and what is gained in force is 
therefore ſaid to be loſt in time. In like manner, 
when a number of powers are ſuppoſed to act upon 
the lever, and it is turned round about their com- 
mon centre of gravity e, the ſums of the momenta 


on the different ſides of c are equal. 


12, The lever, or vets, is commonly diſtin- 
guſhed into three kinds. In the firſt, the centre of 
motion is between the power and weight. In the 
ſecond, the weight is on the ſame ſide of the centre 
of motion with the power, but applied between 
them. In the ird, the power is applied between 
the weight and centre of motion. In this laſt, the 
M4 power 
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power muſt exceed the weight, in proportion as its 
diſtance from the centre of motion is leſs than the 
diftance of the centre from the weight. But as the 
firſt two ſerve for producing a flow motion by a ſwift 
one; ſo the laſt ſerves for producing a ſwift motion 
of the weight by a ſlow motion of the power. It is 
by this kind of levers that the muſcular motions of 
animals are performed ; the muſcles being inſerted 
much nearer to the centre of motion than the point 
where the centre of gravity of the weight to be 
raiſed is applied; fo that the power of the muſcle js 
many times greater than the weight which it is able 
to ſuſtain. Tho' this may appear at firſt ſight a dif. 
advantage to animals, becauſe it makes their ſtrength 
leis ; it is, however, the effect of excellent contri- 
vance: for if the power was, in this caſe, applied at 
a greater diſtance than the weight, the figure of ani- 
mals would not only be awkward and ugly, but al. 
together unfit for motion; as Borelli has ſhewn in 
his treatiſe de motu animalium. 


13. When the two arms of a lever are not in a 
right line, but contain any invariable angle at c, 
(Fig. zo.) the Jaw of the æquilibrium is the lame as 
in the former caſe; that is, if the power p be ap- 
plied at B to the arm oB, and the weight w act, by 
means of a pulley u, in the direction a Mu perpendi- 
cular to the arm c 4, the power and weight will 
ſuſtain each other if e be to W, as c A to CB, Or PX 
CB=WXCaA. If ſeveral powers act upon the arm 
ca, find their centre of gravity a, on the arm c 4, 
by H 13. chap. 2. ſuppoſe all the powers to be united 
there; and if the power Þ be to their ſum, as C4 
to x, it will ſuſtain them. The ſum of the powers 
being ſuppoſed given, it is manifeſt that the farther 
their centre of gravity A is removed from the centre 


of motion c, the greater reſiſtance they will oppoſe 


againſt 
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againſt the power v, and it will require the greater | 
force in the power to overcome them. From this 
Galileo juſtly concludes, that the bones of animals 
are the ſtronger for their being hollow, their weight | 
being given; or, if the arm ny repreſent their 
length, the circle c N Þ a ſection perpendicular to the 

length, y any power applied along their length, | 
tending to break them ; then the ſtrength or force of 

all their longitudinal fibres, by which the adheſion 
of the parts is preſerved, may be conceived to be | 
united in A the centre of the circle c a D, which is | 
the common centre of gravity of thoſe forces, whe- 

ther the ſection be a circle or annulus. But it is plain 

that when the area of the ſection, or the number of 

ſuch fibres, is given, the diſtance c a is greater when 

the ſection is an annulus, than when it is a circle 

without any cavity z conſequently the power with 

which the parts adhere, and which reſiſts againſt ? 

which endeavours to ſeparate them, is greater in the 

fame proportion. For the ſame reaſon, the ſtalks of 

corn, the feathers of fowls, and hollow ſpears, are 

leſs liable to accidents that tend to break them, than 

il they were of the ſame weight and length, but 

ſolid without any cavity. In this inſtance, therefore, 

art only imitates the wiſdom of nature. 


14, The ſame excellent author obſerves, that in 
ſmilar bodies, engines, or animals, the greater are 
more liable to accidents than the leſſer, and have a 
icls relative ſtrength; that is, the greater have not a 
ſtrength in proportion to their magnitude, A greater 
column, for example, is in much more danger of 
being broke by a fall than a ſimilar ſmall one; a man 
is in greater danger from accidents of this kind than 
a child; an inſect can bear a weight many times 
greater than itſelf, whereas a large animal, as a horſe, 


can hardly Bear a burthen equal to his own * 
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To account for this, it will be ſufficient to ſſien 
that, in ſimilar bodies of the ſame texture, the force 
which tends to break them, or to make them liable 
to hurtful accidents, increaſes in the greater bodies 
in a higher proportion than the force which tends to 
preſerve them entire, or ſecure againſt ſuch acci. 
dents, Suppoſe the ſimilar beams an DE, ronx, 
(Fig. 31.) of a cylindric or priſmatic figure, to he 
fixed in the immoveable wall 1 L.; and let us at pre- 
ſent abſtract from any other force that may tend to 
break them, beſides their own weight, Biſe& a; 
inc, and FG in u; and their weights may be con- 
ceived to be accumulated at the points e and , 
which are directly under their centres of gravity, 
For the greater facility of the computation, ſuppoſe 
AB=2 FG, and conſequently the weight of the beam 
AB DE will be eight times greater than the weight cf 
the ſimilar beam FG mx; and the weight of the 
former being conccived to be accumulated in c, and 
that of the latter in u, and ac being double the 
diftance M, it follows, that the force which tends 
to break the former at a, being eight times greater 
than that which tends to break the latter at x, and 
at the ſame time acting at a double diftance, on both 
theſe accounts its effort muſt be ſixteen times greater 
than that of the latter. Now, to compare the force: 
which tend to preſerve thoſe beams entire and fixed 
in the wall, let AR E be a ſection of the greater beam, 
and rs K a ſection of the latter, perpendicular to 
their lengths at the points A and g; biſect at in p, 
and y E in ; then the number of longitudinal fibres, 
whoſe adheſion tends to preſerve the beams entire, 
or rather the quantity of this adheſion, in the great 
beam, will be to the quantity of adheſion in the 
leſſer beam, as the area of the ſection ARE to tit 
area of the ſection rs k, that is, in the preſent cab 
(becauſe of the ſimilarity of the figures) as the {qua* 
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of a to the ſquare of r k, or as 4 to 1. But the 
adheſion of the parts that are in contact with each 
other in the ſection ARE may be conceived to be 
accumulated at p their centre of gravity ; and the 
adheſion of the parts in contact with each other in 
the ſection F SK is to be conceived as accumulated in 
1, for the ſame reaſon. The adheſion, therefore, 
which tends to preſerve the greater beam entire is 
quadruple of that which tends to preſerve the leſſer 
beam entire, and at the ſame time is to be conceived 
as acting at a double diſtance from the centre of 
motion, becauſe A p=2 Fq; ſo that the effort which 
tends to preſerve the greater beam from breaking, is 
eight times greater than that which tends to preſerve 
the leſſer beam entire. We have found, therefore, 
that the effort which tends to break the greater beam 
at a, is ſixteen times greater than that which tends 
to break the leſſer beam at ; but that the effort, 
which, on the other hand, endeavours to preſerve 
the adheſion of the greater beam entire, is only eight 
times greater than that which tends to preſerve the 
adheſion in the leſſer beam. In general, it will 
eaſily appear, in the ſame manner, that the efforts 
tending to deſtroy the adheſion of the beams, ariſing 
from their own gravity only, increaſe in the quadru- 
plicate ratio of their lengths ; but that the oppoſite 
efforts, tending to preſerve their adheſion, increaſe 
only in the triplicate ratio of the ſame lengths, 
From which it follows, that the greater beams muſt 
be in greater danger of breaking than the leſſer 
ſimilar ones; and that, tho' a leſſer beam may be 
frm and ſecure, yet a greater ſimilar one may be 
made ſo long, as neceſſarily to break by its own 
weight. Hence Galileo juſtly concludes, that what 
appears very firm, and ſucceeds well, in models, 
may be very weak and infirm, or even fall to pieces 


by 
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by its weight, when it comes to be executed in large 
_ dimenſions according to the model. 


15. From the ſame principles he argues, that 
there are neceſſarily limits in the works of nature 
and art, which they cannot ſurpaſs in magnitude. 
Were trees of a very enormous ſͤe, their branches 
would fall by their own weight, Large animal; 
have not ſtrength in proportion to their ſize; and if 
there were any land- animals much larger than thoſe 
we know, they could hardly move, and would he 
perpetually ſubjected to moſt dangerous accidents, 
As to the animals of the ſea, indeed, the caſe is dif. 
ferent, as the gravity of the water ſuſtains thoſe ani 
mals in great meaſure, and in fact theſe are known 
to be ſometimes valtly larger than the greateſt land- 
animals. Nor does it avail againft this doctrine to 
tell us, that bones have been found which were ſup- 

ſed to have belonged to giants of an immenſe 
ſize, ſuch as the ſkeletons mentioned by Strabo and 
Pliny ; the former of which was 60 cubits high, and 
the latter 46 ; for the naturaliſts have concluded, on 
juſt grounds, that in ſome caſes thoſe bones had be- 
longed to elephants; and that the larger ones were 
bones of whales, which had been brought to the 
places where they were found, by the revolutions of 
nature that have happened in paſt times. Tho' it 
muſt be owned, that there appears no reaſon why 
there may not have been men that have exceeded, 
ſome feet in height, the talleſt we have ſeen. 
The reader will find a curious and uſeful diſſertation 
on this ſubject, by the celebrated Sir Hans Sloane, in 
the Philoſophical Tranſactians, or in the Memoires de 
Academie Royale des Sciences, 1727, If, in the 
other plancts, the ſame law of coheſion and other 
attractions takes place as in the earth, it may be of 


uſe that the gravity near their ſurfaces ſhould — 
valtly 
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vaſtly different from what it is near the ſurface of 
the earth; it was perhaps with ſome view to this, 
that Sir Iſaac Newton inſinuates, that it was not 
without deſign and contrivance that the gravities at 
the ſurfaces of the planets ſhould differ ſo much leſs 
from each other, than, at firſt ſight, might be ex- 
pected from the attractions of bodies of ſo unequal 
magnitude. 


16. It follows, from $ 14th, that in order to 
make bodies, engines, or animals, of equal relative 
flrength, the greater ones muſt have groſſer propor- 
tions. Thus in order that the greater cylinder 
ABDE may be as firm and ſecure againſt accidents 
as the leſſer cylinder rd H x, the ſection A R E and 
its diameter AE muſt be increaſed, till the effort 
ariſing from the adheſion of the parts bear as great 
a proportion to the effort that tends to overcome 
this adheſion, in the greater, as in the leſſer cylinder. 
And this ſentiment being ſuggeſted to us by per- 
petual experience, we naturally join the idea of 
greater ſtrength and force with the groſſer propor- 
tions, and the idea of agility with the more delicate 
ones. In architecture, where the appearance of ſo- 
licity is no leſs regarded than real firmneſs and 
ſtrength, this is particularly conſidered, in order to 
ſatisfy a judicious eye and taſte; the various orders 
of the columns ſerving to ſuggeſt different degrees 
of ſtrength. But, by the ſame principle, it we 
ſhould ſuppoſe animals vaſtly large, from the groſs 
proportions, a heavineſs and unwieldineſs would ne- 
celſarily ariſe, which would make them uſeleſs them- 
ſelves, and diſagreeable to the eye. In this, as in- 
deed in all other caſes, whatever generally pleaſes 
taltes not vitiated by education, or by fabulous and 
marvellous relations, may be traced till it * to 
ave 
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have a juſt foundation in nature; tho? the force of 
habits is ſo ſtrong, and their effects upon our ſenti- 
ments ſo quick and ſudden, that it is often no eaſy ' 
matter to trace, by reflexion, the grounds of what 
pleaſes us. 


17. We have inſiſted at ſo great length on the 


lever, that we may be brief in treating of the other 


mechanical powers. The common ballance is a lever 
that has equal arms ac and G B, (Fig. 32.) with the 
centre of motion c commonly placed directly over 
q. If the centre of motion was in o, equal weights, 
ſuſpended from à and B, would ſuſtain each other, 
in any poſition of the lever A B; but when the cen- 
tre of motion 1s above 6, they ſuftain each other 
when the lever AB is level only; and when the 
weight at A 1s but a little greater than the weight at 
B, the ends A and B deſcend and aſcend by turns, 
till their common centre of gravity g ſettles in the 
vertical line ; where they ſuſtain each other, be- 
cauſe their centre of gravity is ſuſtained by c. The 
ballance is falſe when the arms a G and GB are un- 
equal: and the exactneſs of this inſtrument chiefly 
depends upon making the friction, at the centre of 
motion c, as ſmall as poſlible, 


18. The axis and wheel has a near analogy to the 
lever ; the power is applied at the circumference of 
the wheel, and the weight is raiſed by a rope that 18 
gathered up (while the machine turns round) on the 
axis. The power may be conceived as applied at 
the extremity of the arm of a lever equal to the 
radius of the wheel, and the weight as applied at 
the extremity of a lever equal to the radius of the 
axis; only thoſe arms do not meet at one centre 0l 
motion as in the lever, but in place of this centre, 


we have an axis of motion, .viz, the axis of che 
3 Whole 
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whole engine. But as this can produce no diffe- 
rence, it follows that the power and weight are in 
4quilibrio when they are to each other inverſcly as 
the diſtances of their directions from the axis of the 
engine; or when the power is to the weight, as the 
radius of the roller to the radius of the wheel, the 
power being ſuppoſed to act in a perpendicular to this 
radius; but if the power act obliquely to the radius, 
ſubſtitute a perpendicular from the axis on the direc- 
tion of the power, in the place of the radius. Thus 
if AB DE (Hg. 33.) repreſent the cylindric roller, 
up the wheel, LM the axis or right line upon 
which the whole engine turns, & the point of the 
ſurface of the roller where the weight w is applied, 
y the point where the power is applied, k & the 
radius of the roller, cp the radius of the wheel ; 
then if the power p act with a direction perpendicu- 
lar to op, the power and weight will ſuſtain each 
other when p is to w, as Kto cP or CH: but if 
the power act in any other direction px, let ex be 
perpendicular from e, the centre of the wheel, on 
that direction; then p and w will ſuſtain each other 
when p is to w, as K to R; becauſe, in this caſe, 
a power Þ has the ſame effect as if it was applied at 
the point R of its direction, acting in a right line 
perpendicular to e R. | 


19. The imple pulley ſerves only to change the 
direction of the power, or motion, without any me- 
chanical advantage, or any diſadvantage, but what 
ariſes from the friction. Let m (Fig. 34.) repreſent 
a imple pulley, NW the rope that goes over the 
pulley from the power p to the weight W: and it is 
manifeſt, that if Pp and w be equal, they will ſuſtain 
each other as if ſuſpended at equal diſtances, M A 


it beſides the fixed pulley u, there be (21g. 35.) 


another 


and un, from the centre of the lever a 3. But, 
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another moveable pulley r, to which the weight y 
is fixed, and the rope that goes from the power 
over the fixed pulley , and under the movezhl 
pulley L, be fixed above at E, then it is manife 
that the power Þ ſuſtains only one half of W, becauſ 
the rope K x ſuſtains only one half of it, the othe 
half being ſuſtained by the rope KE. 


There is an obvious analogy between this caſe 9 
pullics, and that wherein a power ſuſtains a doubt 
weight at half its diſtance from the centre of mg. 
tion, on the ſame fide. For if AB be the diamete 
of the pulley 1, at whoſe extremities the paralle 
ropes, AE and BN, touch it, the power Þ may be 
conceived to be applied at ß, the weight w at r, and 
the centre of motion to be at a, If we ſuppoſe th 
power v and weight w to move, as y is equal to one 
half of w, fo the velocity of w is one half of the 
velocity of r, or v multiplied by its velocity gives: 
product equal to W multiphed by its velocity; for 
that the weight w may be <levated one inch, each 
of the parts of the rope EK and KN muſt be ſhortned 
by one inch; and the power p that draws the whole 
rope from E by k and , mult deſcend two inches, 
A ſimilar reaſoning may be applied to all the com. 
binations of pullies. 


20, When a weight w (Fig, 36.) deſcends along 
an inclined plane ac, a part of its gravity is ſuſtained 
by the reaction of the plane, and the remaining pan 
produces its motion along the plane. Let as be 
the height of the plane, Bc the baſe, and the gra- 
vity of the weight w being repreſented by the ver 
tical line W, let this power be reſolved into tit 
power ww perpendicular to the plane, and W I 
parallel to it. The former wx is deſtroyed by tht 


reaction of the plane, and the latter W is tht 
1 Which 
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which produces the motion of the body along the 
ane. Becauſe the triangles WM and AB C are 
milar, WQIS to WM, as AB to AC; and the force 
ith which a body deſcends along the plane is to its 
Pravity, as the height of the plane to its length; 
Fonſequently a force acting upon the body w, with 
he direction QWw parallel to the plane ac, will ſuſtain 
It, if it be to the whole weight of the body, as a n 
o Ac. 


21. Let AB (Fig. 37.) repreſent. a wedge driven 
nto the cleft x DF, of which pe and Dx are the 
des; and if we ſuppoſe thoſe ſides p E and px to 
· act upon the wedge with directions perpendicular 
o DE and DF, let the horizontal line EF meet p 
nr; then when the force impelling the wedge, ſup- 
poſed perpendicular to the horizon, is in æquilibrio 
th the reſiſtances of the ſides of the cleft p x and 
dr, theſe three powers are in the fame propor- 
jon as the three right lines EF, DE and DF. For 
t follows from the compoſition of motion, that 
men three powers are in æꝗquilibrio with each other, 
hey are 1n the ſame proportion as the three ſides of 
| triangle parallel to their reſpective directions, and, 
onſequently, as the three ſides of a triangle perpen- 
licular to their directions; ſuch a triangle being evi- 
ently ſimilar to the former. But x x is perpendi- 
ular to the direction in which the weight of the 
edge, or the power that impells it, is ſuppoſed to 
act; and p E, o y are perpendicular to the directions 
1 which their reſiſtances are ſuppoſed to act, conſe- 
quently the power that impells the wedge and thoſe 
reliſtances are in the ſame proportion as E r, pe and 
or. If other ſuppoſitions are made concerning the 
reſiſtances of the ſides of the cleft px and pr, the 
Proportions.of the powers may be determined, from 
che lame principles. 

N 22. 
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is called the external ſcrew ; but if it is carried on 


ſcrews with a direction parallel to the baſe, it wil 
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22. When a point moves along the fide of a cy. 
linder, with an uniform motion, upon its curve ſur. 
face, while this ſide is itſelf carried with an uniform 
motion about the axis of the cylinder, the line traced, 
by this compounded motion, upon the curve ſurface 
of the cylinder, is called a ſpiral. When this line 
is raiſed upon the external ſurface of the cylinder, it 


in the internal ſurface, it is called the internal ſcrew, 
While one of theſe 1s converted about the other, 
one of them ought to be fixed; and they form: 
machine of great force for ſqueezing or moving bo- 
dies. If a power p (Fig. 38.) turn either of the 


. , mm. a a ac ciao 


fuſtain the weight w which is to be raiſed, if it be 
to w in the ſame proportion as the diſtance between 
the two neareſt ſpirals 1s to the circumference of the 
circle deſcribed by the power-e ; becauſe while the 
power makes a compleat revolution, the ſcrew ad. 
vances by the diſtance of the two neareſt ſpirals, 
and the velocity of the power is to the velocity d 
the weight, as the circumference deſcribed by p to 
that diſtance. The fame will appear by conſidering 
the ſcrew as an inclined plane involved about a cy: 
linder. In this engine the friction is very great. 


23. From theſe ſimple machines, compounded 
ones are formed by various combinations, and ſerve 
for different purpoſes; in which the fame gener: 
vs take place, particularly that which was deſcribed 
in § 3, That the power and weight ſuſtain eacl 
other when they are in the inverſe proportion of the 
velocities which they would have in the direction 
wherein they act, if they were put in motion. I 
theſe the famous problem is reſolved, of moving 
any given weight by any given power, provided 

relilt« 
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reſiſtance ariſing from the friftion can be overcome. 
It being, of great importance to diminiſh this fric- 
tion, ſeveral contrivances have been invented for 
that purpoſe. In wheel-carriages the friction is 
transſerr'd from the circumference of the wheel 
(where it would act if the wheel did not turn round) 
to the circumference of the axis; and, conſequently, 
i diminiſhed in the proportion of the radius of the 
axis to the radius of the wheel. In theſe, therefore, 
the friction is always diminiſhed by diminiſhing the 
diameter of the axis, or by increaſing the diameter 
of the wheel. The friction is hkewiſe diminiſhed 


„by making the axis of an engine to reſt upon the 
he circumferences of wheels that turn round with it, 
i inſtead of reſting in fixed grooves that rub upon it; 
be for by this contrivance, the friction is transferred 
eußg from the circumferences of thoſe wheels to their 
nt WY rivots ; and the friction may be {till diminiſhed far- 
ne ther by making the axles of thoſe wheels reſt upon 
d. ober friction-wheels that turn round with them. It 
1s W's hardly poſſible to give general and exact rules con- 
a ſeming friction, ſince it depends upon the ſtructure 
tag ef bodies, the form of their prominent parts and 
cities, and upon their rigidity, elaſticity, their 
Ncoberence, and other circumſtances. Some authors 


haye made the friction upon a horizontal plane equal 
tb one third of the weight; but others have found 


ed at it was only one fourth of it, and ſometimes 
1 a/ z or 4 of it. Of late, authors have told us 
r 


lat the friction depends not on the ſurface of the 
body, but its weight only; but neither is this found 
to be accurately true. In leſſer velocities, the fric- 
lon is nearly in the ſame ratio as the velocities ; but 
in greater velocities, the friction increaſes in a higher 
Noportion, whether the bodies are dry or oil'd. 


N 2 24, 
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24. The ſecond general problem in mechanic 
mentioned above, is, to determine the proportion 
which the power and weight ought to bear to each 
other, that, when the power prevails, and the engine 
is in motion, the greateſt effect poſſible ay be pro- 
duced by it in a given time, It is maniteſt that thi 
is an enquiry ot the greateſt importance, tho! fey 
have treated of it. When the power is only a [its 
greater than that which is ſufficient to ſuſtain the 
weight, the motion is too flow; and tho' a greater 
weight is raiſed in this caſe, it is not ſufficient to 
cempenſate the loſs of time. When the wrient is 
much leſs than that which the power is able to ſuſtain, 
it is raiſed in leſs time; and this may happen not v 
be ſufficient to compenſate the loſs ariſing from the 
ſmallneſs of the load. It ought, therefore, to b 
determined when the product of the weight mult. 
plied by its velocity is the greateſt poſſible ; tor thi 
meaſures the effect of the engine in a given tim, 
which is always the greater in proportion as tht 
weight that is raiſed is greater, and as the velocity 
with which it is raifed is greater. We ſhall, there 
fore, ſubjoin ſome inſtances of this kind that ma 
be demonſtrated from the common elementary geo- 
metry; wiſhing that farther improvements may b 
made in this molt uſeful part of mechanics. 


25, When the power prevails, and the engit 
begins to move, the motion of the weight is at fit 
gradually accelerated. The action of the pow! 
being ſuppoſed invariable, its influence in acceleratin 
the motion of the weight decreaſes while the veloct 
of the weight increaſes. Thus the action of a ſtrei 
of water, or air, upon a wheel is to be eſtimat 
only from the exceſs of the velocity of the fl 
above the velocity already acquired by the part þ 
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the engine which it ſtrikes, or from their relative 
velocity. On the other hand, the weight of the 
oad that is to be elevated, and the friction, tend to 
etard the motion of the engine; and when theſe 
orces, Viz, thoſe that tend to accelerate it, and 
hoſe that tend to retard it, become equal, the en- 
pine then proceeds with the uniform motion it has 
cquired. 


Let aB (Fig. 39.) repreſent the velocity of the 
team, Ac the velocity of the part of the engine 
which it ſtrikes, when the motion of the machine 
comes uniform; and cn will repreſent their rela- 
ve velocity, upon which the effect of the engine 
lepends, It is known that the action of a fluid, 
pon a given plane, is as the ſquare of this relative 
elocity z conſequently, the weight raiſed by the 
neine, when its motion becomes uniform, being 
qual to this action, it is likewiſe as the ſquare of 
B, Let this be multiplied by ac, the velocity of 
de part of the engine impell'd by the fluid ; and 
e effect of the engine in a given time will be pro- 
rtional to A cx B (ſuppoſing cp to be biſected 
D) ACX 2 CDX 2 DBZ4 ACXCDXDB; conſcquent- 
the effect of the engine is greateſt when the pro- 
& of ac, en, and DB is greateſt, But it is eaſy ta 
, that this product is greateſt when the parts ac, 
d and pB are equal; for, if you deſcribe a ſemicir- 
> upon Ap, and the perpendicular o meet the 
Cle in x, then acxcp=ce *, and is greateſt when 
is the centre of the circle; fo that in order that 
xe D* may be the greateſt poſſible, ap mull 
biſefted in c; and cs having been biſected in n, 
follows that ac, c p. DB muſt be cqual; or that 
the velocity of the part of the engine impelled 
the ſtream, ought to be but one third of as the 
City of the ſtream. In this caſe, when (abſtrac;- 

N 3 ing 
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ing from friction the engine acts with the utmoſt 
advantage, the weignt raile.i by it is to the weight 
that would juſt ſuſtain the force of the ſtream, as the 
ſquare of cs, the relative velocity of the engine and 
ſtream, to the ſquar< of ap, which would be the re- 
lative vclocity it the engine was quieſcent z that is, 
as 2X2 to 33 Or 4 to 9. Therefore, that the en- 
gine may have the greateſt effect poſſible, it ought 
to be loaded with no more than 3 of the weight 
which is juſt able to ſuſtain the efforts of the ſtream. 
Ot this the reader will find more in my Treatiſe of 
Fluxions, & 908. 


26. For another example, ſuppoſe that a given 
weight p, (Fig. 40.) deſcending by its gravity in the 
vertical line, raiſes a greater weight w likewiſe given, 
by the rope Þ M (that paſſes over the fixed pulley 
M) along the inclined plane BD, the heigh. of which 
BA is given; and let it be required to find the poſi- 
tion of this plane, along which w will be raiſed in 
the leaſt .imc, from the horizontal line AD to B. Let 
BC be the plane upon which if w was placed, it 
would be cxactly ſuſtained by p, and, by $ 20. of 
this chapter, Þ ſhail be to w, as AB to Bc; but is 
to the force with which it tends to deſcend along the 
plane BD, as BD to AB, by the ſame article; conſe- 
quently the weight p is to that force, as BD to BC. 
Therefore the exceſs of p above that force (which 
excels is the power that accelerates the motions of P 
and w) is to p, as BD—BC to BD; or, taking BH 
upon ze equal to BD, as cH tO BD. But it is known 
that the ſpaces deſcribed by motions uniformly acce- 
lerated are in the compound ratio of the forces which 
produce them and the ſquares of the times; or, that 
the ſquare of the time is directly as the ſpace de- 
ſcribed in that time, and inverſely as the force; con- 
ſequently, the ſquare of the time, in which BD 15 

2 deſcribed 
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deſcribed by w, will be directly as BD and inverſcly 
CH and will be leaſt when abs iS a minimum; 


as BD bh Fr 
that is, when -+cn+2 Bc, or (becauſe 2 rc is in- 
variable) when + CH is a minimum. Now as, 


when the ſum of two quantines 1s given, their pro- 
duct is a maximum when they are equal to each other; 
ſo it is manifeſt, that, when their product is given, 
their ſum muſt be a minimum when they are equal. 
Thus it is evident, that, as in the laſt ſection the 
rectangle or product of the equal parts ac and cp 
was CE * fo the rectangle or product of any two 
unequal parts, into which Ap may be divided, is leſs 
than E“, and AD is the leaſt ſum of any two quan- 
tities the product of which is equal to cx*, But 


the product of 255 and cH is BC*, and conſequent- 
ly given; therefore the ſum of 275 and CH is leaſt 


when theſe parts are equal, that is, when cn is equal 

to Bc, or BD equal to 2 Bc. It appears, therefore, 
that when the power Þ and weight w are given, and 
w 15 to be raiſed by an inclined plane, from the level 
of a given point A to the given point g, in the leaſt 
time poſſible, we are firſt to find the plane ge upon 
which w would be ſuſtained by p, and to take the 
plane Bp double in length of the plane Bc ; or, we 
are to make uſe of the plane Bp upon which a 
weight that is double of w could be ſuſtained by the 


power p. 


27, Let a fluid, moving with the velocity and 
direction Ac (Fig. 41.) ſtrike the plane ce, and ſup- 
poſe that this plane moves parallel to itſelf in the 
direction o, perpendicular to ca, or that it cannot 
move in any other direction; then let it be required 


io find the moſt advantageous poſition of the plane 
N 4 CE, 
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CE, that it may receive the greateſt impulſe from 
the action of the fluid. Let ay be perpendicular to 
CE in r, draw Ak parallel to cs, and let px be per. 
pendicular upon it in K; and AK will meaſure the 
force with which any particle of the fluid impell; 
the plane Ec, in the direction eg. For the force of 
any ſuch particle being repreſented by ac, let this 
force be reſolved into aq parallel to ec, and ap per- 
pendicular to it; and it is maniteſt, that the latter 
Ap only has any effect upon the plane ce, Let this 
force ap be reſolved into the force ar perpendicular 
to cp, and the force ax parallel to it; then it is 


maniteſt, that the former, Al, has no effect in pro- 


moting the motion of the plane in the direction cs; 
ſo that the latter ax, only, meaſures the effort by 
which the particle promotes the motion of the plane 
CE, in the direction 3. Let Eu and EN be per- 
pendicular to ca and cs, in M and x; and the num- 
ber of particles, moving with directions parallel to 
AC, incident upon the plane ce, will be as Eu. 
Therefore the effort of the fluid upon ck, being as 
the force of each particle and the number of par- 
ticles together, it will be as AK EM; or, becaule ax 


. EM2EM2XEN 
is to AP (SM,) as EN to cz, as ————; 0 


that cz being given, the problem 18 reduced to this, 
to find when EM*XEN is the greateſt poſſible, or a 
maximum. But becauſe the ſum of EM“ and of EN 
Sc M“) is given, being always equal to cx“, it fol- 
lows that EN*XEM* is greateſt when xn*—=4cE'3 
in the ſame manner as it was demonſtrated in 5 25: 
that when the ſum of ac and o was given, AcXC* 
was greateſt when Ac AB. But when EN XE 
is greateſt, its ſquare-root EN EM is of neceſſity at 
the ſame time greateſt. Therefore the action of the 
fluid upon the plane cx in the direction cs is * 
c 


a a. oo” - LEY was S, 1 
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eſt when EN E“, and conſequently EM 
:cx* 3 that is, when Eu the line of the angle a CE 
in which the ſtream ſtrikes the plane is to the radius, 
as 7 2 to 3; in which caſe it eaſily appears, from 
che trigonometrical tables, that this angle is of 


64% 44. 


28. Several uſeful problems in mechanics may be 
reſolved by what was ſhewn in the laſt article. If 
we repreſent the velocity of the wind by ac, a ſec- 
tion of the ſail of a wind-mill perpendicular to its 
length by cx, as it follows from the nature of the 
engine, that its axis ought to be turned directly 
towards the wind, and the fail can only move in a. 
direction perpendicular to the axis, it appears, that, 
when the motion begins, the wind will have the 
greateſt effect to produce this motion, when the 
angle A c E in which the wind ſtrikes the fail is of 
54%. 44. In the ſame manner, if cs repreſent the 
direftion of the motion of a ſhip, or the poſition of 
her keel, abſtracting from her lee-way, and ac be 
the direction of the wind, perpendicular to her way, 
then the moſt advantageous poſition of the fail cx, 
to promote her motion in the direction cp, is when 
the angle Ae E, in which the wind ſtrikes the ſail, is 
of 54. 44. The beſt poſition of the rudder, where 
it may have the greateſt effect in turning round the 
ſhip, is determined in like manner. And how this 
ſame angle enters into the determination of the 
figure of the rhombus's that form the baſes of the 
cells in which the bees depoſite their honey, in the 
moſt frugal manner, I have ſhewn in a letter to the 
learned and worthy Martin Folkes, Eſq; preſident 
n ; the royal ſociety, Philoſophical Tranſactions, 

471. 


29. 
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29. But it is to be carefully obſerved, that when 
the ſine of the angle Ac E is to the radius as J 2 00 
3, or (Which 1s the ſame thing) when its tangent 
is to the radius, as the diagonal of a ſquare to it; 
fide, this is the moſt advantageous angle only at the 
beginning of the motion of the engine; ſo that the 
fails of a common wind- mill ought to be ſo ſituated, 
that the wind may indeed ſtrike them in a greater 
angle than that of 54%. 44. For we have demon- 
ſtrated elſewhere, that when any part of the engine 
has acquired the velocity c, the effort of the wind 
upon that part will be greateſt, when the tangent of 
the angle in which the wind ſtrikes it is to the radius, 


not as the / 2 to 1, but as a2 TL to, 


444 
the velocity of the wind being repreſented by 4. 
If for example c=43 a then the tangent of the angle 
ACE ought to be double of the radius, that is, the 
angle ace ought to be of 63*. 26. If ca then 
ACE ought to be of 74. 19. This obſervation is 
of the more importance, becauſe, in this engine, the 
velocity of the parts of the ſail remote from the axis, 
bear a conſiderable proportion to the velocity of the 
wind, and perhaps ſometimes are equal to it; and 
becauſe a learned author, Mr. Daniel Bernoulli, has 
drawn an oppoſite concluſion from his computations 
in his hydrodynamics, by miſtaking a minimum for a 
maximum; where he infers, that the angle in which 
the wind ftrikes the fail ought to decreaſe as the 
diſtance from the axis of motion increaſes, that if 
ca the wind ought to ſtrike the ſail in an angle of 
45*, and that, if the fail be in one plane, it ougit 
to be inclined to the wind, at a medium, in an angle 
of about 50%. How he fell into theſe miſtakes, we 
have explained elſewhere . In like manner, tho 
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the angle Ack of 54. 44. be the moſt advantage- 
ous at the beginning of the motion, when a ſhip 
fails with a ſide wind, yet it ought to be enlarged 
afterwards as the motion increaſes. In general, let 
ao, parallel to o, be to ac, as the velocity which 
the engine has already acquired in the direction c B, 
to that of the ſtream ; upon ac produced take ap 
to AC as 4 to 3, draw DG parallel to cs, and let a 
circie deſcribed from the centre e with the radius c a 
meet DG in g; and the plane ce ſhall be in the moſt 
advantageous ſituation for promoting the motion of 
the engine, when it biſects the angle a cg. It is 
generally ſuppoſed, that a direct wind always pro- 
motes the motion of a ſhip, the ſail being perpendi- 
cular to the wind, more than any ſide- wind; and 
this has been affirmed in ſeveral late ingenious trea- 
tiſes; but, to prevent miſtakes, we are obliged to 
obſerve, that the contrary has been demonſtrated in 
our treatiſe of fluxions, & 919; where other inſtances 
of this ſecond general problem in mechanics are 
given, to which we refer. 


30. The mechanical powers, according to their 
different ſtructure, ſerve for different purpoſes ; and 
it is the buſineſs of the ſkilful mechanic to chuſe 
them, or combine them, in the manner chat may be 
beſt adapted to produce the effect required, by the 
power which he is poſſeſſed of, and at the leaſt ex- 
pence, The lever can be employed to raiſe weights 
a little way only, unleſs the engine itſelf be moved, 
a, for example, to raiſe ſtones out of their beds in 
quarries, But the axis and wheel may ſerve for 
ruſing weights from the greateſt depths. The pul- 
lies being caſily portable aboard ſhips, are therefore 
much employed in them. The wedge 1s excellent 
for ſeparating the parts of bodies ; and the ſcrew, 
for compreſling or ſqueezing them together; and its 
great 
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eat friction is even ſometimes of uſe, to preſerye 
the effect already produced by it. The ſtrength gf 
the engine, and of its parts, muſt be proportioned 

to the effects which are to be produced by it, 4; 
we found, that, when the centre of motion is placed 
between the power and weight, it muſt ſuſtain the 
ſum of their efforts; a ſmall ballance ought not to 
be employed for weighing great weights; for theſe 
diſorder its ſtructure, and render it unfit for ſerving 
that purpoſe with accuracy. Neither are great en- 
gines proper for producing ſmall effects: the detail 
of which things muſt be left to the ſkilful and expe. 


rienced mechanic. 


31. But, beſides the raifing of weights and over- 
coming reſiſtances, in mechanics we have often other 
objects in view, To make a regular movement, 
that may ſerve to meaſure the time as exactly a; 
poſſible, is one of the moſt valuable problems in this 
ſcience; and has been moſt ſucceſsfully effected, hi 
therto, by adapting pendulums to clocks ; tho? many 
ingenious contrivances have been invented to correct 
the irregularities of thoſe movements that go by 
ſprings. . Some have endeavoured to find a perpe- 
tual movement, but without ſucceſs : and there is 
ground to think, from the principles of mechanics, 
that ſuch a movement is impoſſible, * In many caſcs, 
4 . . . 

when bodies act upon each other, there is a gain of 
abſolute motion; but this gain is always equal in op- 
polite directions, and the quantity of direct motion 
is never increaſed, To make a perpetual move- 
ment, it appears neceſſary that a certain ſyſtem of 
bodies, of a determined number and quantity, ſhould 
move in a certain ſpace for ever, and in a certain 
way and manner; and for this, there muſt be a ſeries 
of actions returning in a circle, to make the move- 


ment continual ; ſo that any action by which 2 
jolute 
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ſolute quantity of force is increaſed, of which there 
are ſeveral forts, muſt have its correſponding counter- 
action, by which that gain of force is deſtroyed, and 
the quantity of force reſtored to its firſt ſtate. Thus, 
by theſe actions, there will never be any gain of 
direct force, to overcome the friction and the re- 
ſiſtance of the medium. But every motion will be 
abated, by theſe reſiſtances, of its juſt quantity; 
and the motions of all muſt, at length, languiſh and 
ceaſe. 


32. To illuſtrate this, it is allowed, that, by the 
reſolution of force, there is a gain or increaſe of the 
abſolute quantity of force; as the two forces AB and 
ab (Fig. 2.) taken together, exceed the force ac 
which 1s reſolved into chem. But you cannot pro- 
ceed reſolving motion in inſinitum, by any machine 
whatſoever ; but thoſe you have reſolved muſt be 
again compounded, in order to make a continual 
movement, and the gain obtained by the reſolution 
will be loſt again by the compoſition, In like man- 
ner, if you ſuppoſe a and B (Fig. 42.) to be per- 
fectly elaitic, and that the leſſer body a ſtrikes B 
quieſcent, there will be an increaſe of the abſolute 
quantity of force, becauſe a will be reflected; but 
il you ſuppoſe them both to turn round any centre 
c, attet the ſtroke, ſo as to meet again in @ and 5, 
this increaſe of force will be loſt, and their motion 
will be reduced to its firſt quantity. Such a gain, 
therefore, of force as muſt be afterwards loſt in the 
actions of the bodies can never produce a perpetual 
movement. There are various ways, beſides theſe, 
by wich abſolute force may be gained; but ſince 
there i; always an equal gain in oppoſite directions, 
an no increaſe obtained in the ſame direction; in 
the circle of actions neceſſary to make a perpetual 
movement, this gain muſt be preſently loſt, 3 

WI 


190 Sir Isaac NEwTOx's Book 11, 


will not ſerve for the neceſſary expence of force em. 
ployed in overcoming friction and the reſiſtance of 
the medium, 


32. We are to obſerve, therefore, that tho? it 
could be ſhewn that in an infinite number of bodies, 
Or in an infinite machine, there could be a gain of 
force for ever, and a motion continued to infinity, 
it does not therefore follow that a perpetual moye. 
ment can be made, That which was propoſed by 
Mr. Leibnitz, in Auguſt 1690, in the Leipſick acts, 
as a Conſequence of the common eſtimation of the 
forces of bodies in motion, is of this kind; and, for 
this and other reaſons, ought to be rejected. It is, 
however, neceſſary to add, that tho* on many ac- 
counts, it appear preferable to meaſure the forces as 
well as motions of bodies by their velocities, and not 
by the ſquares of their velocities ; yet, in order to 
produce a greater velocity in a body, the power or 
cauſe that is to generate it mult be greater in a higher 
proportion than that velocity; becauſe the action of 
the power upon the body depends upon their relative 
motion only; ſo that the whole action of the power 
is not employed in producing motion in the body, 
but a conſiderable part of it in ſuſtaining the power, 
ſo as to enable it to act upon the body and keep up 
with it. Thus the whole action of the wind is not 
employed in accelerating the motion of the ſhip, 
but only the exceſs of its velocity above that of the 
ſail on which it acts, both being reduced to the ſame 
direction. When motion is produced in a body by 
ſprings, it is the laſt ſpring only which acts upon the 
body by contact, and the reſt ſerve only to ſuſtain 
it in its action; and hence a greater number of ſprings 
is requiſite to produce a greater velocity in a given 
body, than in proportion to that velocity. A double 
power, like that of gravity, will produce a double 

motion 
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motion in the ſame time; and a double motion in 
an elaſtic body may produce a double motion in 
another of the ſame kind. But two equal ſucceſſive 
impulſes, acting on the ſame body, will not produce 
a motion in it double of what would be generated 
by the firſt impulſe ; becauſe the ſecond impulſe has 
neceſſarily a leſs effect upon the body, which is al- 
ready in motion, than the firſt impulſe which acted 
upon it while at reſt, In like manner, if there is a 
third and fourth impulſe, the third will have leſs 
effect than the ſecond, and the fourth leſs than the 
third, From this it appears what anſwer we are to 
make to a ſpecious argument that is adduced to ſhew 
the poſſibility of a perpetual motion, Let the height 
a3 (Fig. 43.) be divided into four equal parts ac, 
cb, DE, EB: ſuppoſe the body A to acquire, by the 
deſcent ac, a velocity as 1, and this motion by any 
contrivance to be tranſmitted to an equal body B; 
then let the body a, by an equal deſcent cp, ac- 
quire another motion as 1, to be tranſmitted hkewiſe 
to the ſame body x, which in this manner is ſuppoſed 
to acquire a motion as 2, that is ſufficient to carry 
it upwards from B to A; and becauſe there yet re- 
main the motions which A acquires by the deſcents 
pe and EB, that may be ſufficient to keep an engine 
in motion, while 3 and a aſcend and deſcend by 
turns, it is hence concluded that a ſufficient gain of 
force may be obtained in this manner, ſo as to pro- 
duce a perpetual movement, But it appears ſrom 
what has been ſhewn, that a motion as 2 cannot be 
produced in B, by the two ſucceſſive impulſes tranſ- 
mitted from Aa, each of which is as 1. 


Some authors have propoſed projects for pro- 
ducing a perpetual movement, with a deſign to re- 
tute them; but, by miſtaking the proper anſwer, 
baye rather confirmed the unſkilful in their ground: 

cls 
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leſs expectations. An inſtance of this we have jr 
Dr. Wilkin's Mathema. ical Magick, book 2. chap. 13 
A load - ſtone at a (Fig. 44.) is ſuppoſed to have ; 
ſufficient force to bring up a heavy body along the 
plane Fa, from r to B whence the body is ſuppoſed 
to deſcend by its gravity, along the curve ; x x, til 
it return to its firſt place ; and thus to riſe, along 
the plane ra, and deſcend, along the curve B x x, 
continually, But ſuppoſing B z E to be the ſurface 
upon which if a body was placed, the attraction q 
the load-ſtone and the gravity of the body would 
ballance each other, this ſurface ſhall meet B ER x 
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1. H O' the laws of motion and principles of 
mechanics are ſufficiently explained and 
eſtabliſhed in the preceding chapters, it will be gf 
uſe, before we proceed to apply them to ſubjects d 
a higher nature, to conſider the moſt ſimple and 
obvious motions and phænomena that are derived 
from them ; by which they may be farther tried and 
examined, and our methods of reaſoning from them 
juſtified : and theſe are the motions which are pro- 
duced by bodies impinging upon one another, which 
fall frequently under our obſervation, and can be te- 
ated by us in experiments, It is always from the 
moſt ſimple kind of phænomena that we can trace 
with the greateſt certainty the analyſis of the laws 
of nature; from which we afterwards may proceed 
to ſuch as are more complicated and abſtruſe: but i 


would be contrary to the rules of good method to 
begin 
v5 
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begin with the latter, It would be very prepoſte- 
rous, for example, in defining or aſcertaining the 
true notion of the inertia of body, to begin with 
chymical experiments concerning termentation, the 
ſolutions of bodies by menſtruums, the phænomena 
of generation and corruption, or others of that com- 
plicated kind. If we ſhould begin with fixing our 
attention on theſe, we ſhould be apt to aſcribe to 
body an activity which is really repugnant to its na- 
ture, It is from obſervations and experiments con- 
cerning the ſenſible and groſs bodies, that we muſt 
acquire our knowledge of the firſt principles of this 
ſcience. The doctrine of the colliſion of bodies was 
very plain and clear, and deduced in a ſatisfactory 
manner from the laws of motion, before ſome late 
authors endeavoured to cloud it, by introducing 
abſtruſe notions into it, in favour of their new doc- 
trine concerning the eſtimation of the forces of bo- 
dies in motion. But we ſhall have no regard to 
theſe; and ſhall endeavour to deduce it, in a plain 
and ſatisfactory manner, from the principles elta- 
bliſhed and illuſtrated in the ſecond chapter, 


2. Bodies have been commonly diſtingnhed into 
three ſorts, Thoſe are called perfectly bard whole 
parts yield not at all in their colliſions, but are abſo- 
lutely inflexible; and ſuch the laſt elements of bo- 
dies, or atoms, are ſuppoſed to be. Thoſe are 
called ſoft whoſe parts yield in their collifions, but 
ſtore not themſelves again towards their firſt poſi- 
tons, Thoſe are ſaid to be elaſtic which yield in 
their colliſions, but reſtore themſelves ſo as to reco- 
ver their firſt ſituation ; and they are ſaid to be per- 
fectly elaſtic, when they reſtore themſelves with the 
lame force with which they are compreſſcd. The 
actions of perfectly hard or inflexible bodies on one 


another are conſummated in a moment: and, as 
O there 
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there is no ſpring, nor any force, to ſeparate them, 
they muſt go on together after their colliſion as if 
they formed one body, But when an elaitic body is 
acted on by any force or power, its paris yield at 
lirſt, and aiterwards reſtore themſelves by degrees to 
their firſt ſituations. There is a time required for 
this, which may be ciftinguiſhed into two portions ; 
the firſt is the time during which the parts yield and 

become more and more compreſſed; the other is 

the time Curing which they reſtore themſelves to their 

firſt ſituations, When two ſpherical elaſtic bodies 
meet, at firſt they touch one znother in a point, but 

their contact gradually increaſes, as the parts that 

touch and preſs on one another yield, till their great- 
eſt compreſſion : and afterwards theſe parts recover 

by the ſame ſteps, tho' in a contrary order, their fiſt 

ſituations. The actions of claſtic bodies may be ex- 

plained by imagining ſprings KL placed betwixt hard 

bodies A and 5 (Fig, 14.) 3 for the ſprings muſt have 

the ſame effect in this caſe, as the elaſticity of the 

parts of the bodies in the other caſe, If a move 

towards B and compreſs the ſprings, and, by their 

mediation, act on B, the ſprings will become more 
and more compreſſed, till the two bodies have equal 
velocities in the ſame direction; and then, no force 
acting on the ſprings, they will have liberty to begin 
to expand themſelves; which they will do by the 
ſame degrees as they were compreſſed, in a contrary 
order: and this is the ſecond period of the action of 
the bodies on one another, In the firſt period of the 
action of elaſtic bodies, or of bodies acting by the 
intervention of ſprings, the ſame effects are produced 
as if the bodies were perfectly hard. At the end of 
this period the reſpective velocity of the bodies 1s 
deſtroyed, and in the inſtant when it ceaſes the ſe- 
cond begins, the velocities of the bodies in the ſame 
direction being now equal, In this ſecond period ” 
6 
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the action of the bodies, if the elaſticity is perfect, 
the ſprings expanding themſelves by the ſame force 
with which they were compreſſed, the bodies mutt 
be ſcparated with a reſpective velocity equal to that 
they had before their collifſion; and whatever mo- 
tion was added to, or ſubducted from, either body, 
in the firſt period, as much will be added to, or fub- 
ducted from it, in the ſame direction, in the ſecond ; 
fo that there will be twice as much force loft, or 
twice as much gained, by either, as if the bodies 
had been perfectly hard. 


3. The effects produced in the firſt period of the 
action of bodies that have an imperfect elaſticity are 
the ſame as when the bodies are perfectly elaſtic; 
bur, becauſe their parts recover their firſt ſituations 
with leſs force than that whereby they were diſplaced 
from them, there is leſs force loſt or gained in the 
ſecond than in the firſt period. There is, however, 
a conſtant proportion obſerved between what is loft 
or gained in theſe two periods, in the ſame ſort of 
bodies; ſo that there is a conſtant proportion be- 
tween their reſpective velocities before and after their 
colliſion. In glaſs, for example, this proportion is 


obſerved to be that of 16 to 15. 


4. In ſoft bodies, whoſe parts yield ſo as not to 
reſtore themſelves at all to their firſt ſituations, the 
action muſt be the ſame as in the firſt period of per- 
fectly claſtic bodies, and the ſame as in perfectly hard 
bodies. By their colliſion their reſpective velocity is 
deſtroyed, the inertia, or reſiſtance of the parts, 
having the ſame effect in this caſe, as their ſpring in 
the other. After the colliſion they go on together 
as one maſs, there being no ſpring to ſeparate them. 
Becauſe the parts yield, in their colliſions, certain 


philoſophers have imagined that ſome force mult be 
O 2 lot 
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loſt in producing this effect: but there is no motion 
communicated to any one part that it can loſe with- 
out communicating it to others; a body moving in 
a fluid loſes no force but what it communicates to 
the parts of the fluid; and a body acting upon a ſoſt 
body can loſe no force but what muſt be communi- 
cated to the parts of that body, which therefore muſt 
be accumulated to the force of the whole. The 
parts are indeed moved out of their firſt places, but 
this can produce no loſs of force; for it is manifeſt, 
that if A move and ſtrike , (Fig. 45.) and make it 
go into the place h, and there ſtrike c, ſo that it re- 
main itſelf in the place 5, all the force which A had 
at firſt muſt be ſtill found in a or c, and there can 
be none loſt or conſumed in carrying ; from its firſt 
place B, to its laſt place þ, ſince a loſt none but what 
it gave to B, and B could loſe none, but what i 
communicated to c. There can be no force loſt in 
this caſe more than if ꝝ had ſtruck c in its firſt place 
B, nor would there be more force loſt in B moved 
twice or thrice as far before it ſtruck o. In like 
manner, when a body acts upon a ſoft body and 
moves 1ts parts out of their places, the force which 
the firſt body loſes is employed in moving thoſe parts 
indeed, by which they acquire whatever is loſt by it, 
and loſe none of what they thus acquire, but by 
communicating to other particles; nor is it of mo- 
ment how far they are moved from their places, but 
what force is communicated to them, which it is not 
poſſible to conceive they can loſe by merely moving 
out of their places, but by acting on other particles. 


5. This will ſtill be found true, tho' you ſuppole 
the particles of the ſoft body to cohere with ſome 
certain degree of force. That caſe may be explained 
by ſuppoſing particles, B, c and p, (Fig. 46.) co- 
hering by a ſtring of a certain degree of ſtrengt!, 
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and that a impelling c changes the ſituation of the 
particles with reſpect to one another. In this caſe, 
a will loſe no force which will not be all communi- 
cated to e, but ſome part, by mediation of the ſtring, 
mult be imprinted on B and p, and all that a loſes 
and is not given to , muſt be communicated to B 
and p, if we ſuppoſe the ſtring infinitely fine, or ab- 
ſtract from its inerlia, and reckon all the force in the 
ſame direction. It is true the ſtring will be ſtretched 
by the force which 1s at firſt imprinted on c, but as 
can loſe none but what s and p receive, there can 
be no force loſt from that cauſe; and, if the ſtring 
ſhould break, the only conſequence can be, that 
there will be no more force communicated from c to 
v and p, after that happens. From the equality of 
action and reaction it follows, that the ſtring acts 
equally on e and B, and on e and p; fo that it adds 
as much force to ; and p as it takes from e; and, 
as this is always true, it muſt hold in the inſtant 
when the ſtring breaks, as well as before: the cohe- 
ſion of the particles, therefore, can be the occaſion 
of no loſs of force, taking in all that are affected in 
the colliſion, and there appears no ground for ſup- 
poling that any force is conſumed, in making the 
parts of ſoft bodies yield, but what is accumulated 
to the whole maſs of body, while its parts continue 
all together. | 


6. Theſe things being premiſed, firſt let the bo- 
dies a and B (Fig. 47.) be ſuppoſed void of elaſti- 
city, let c be their centre of gravity, and let a h and 
p repreſent their velocities before the ſtroke. Then 
luppoſing the ſtroke to be direct, after it they will 
proceed together as forming one maſs, and their cen- 
tre of gravity being carried along with them, their 
common velocity will be the fame as the velocity of 
that centre, which (by § 15. chap. 2.) is the ſan e 

| O 3 aftex 


198 Sir IsAAc NEwTON's Book II. 


after the ſtroke as before it. But while the bodies 
deſcribed a Þ and g o before the ſtroke, their centre 
of gravity moves from c to p, the place where they 
meet, or the one overtakes the other ; therefore the 
common velocity of a and B after the ſtroke is mea. 
ſured] by cp, their velocities before the ſtroke bein 
repreſented by A p and z D reſpectively. The right 
line cp ſhews the dirt tion as well as the velocity of 
their motions after the ſtroke; for it is always in the 
direction from e top. If Þ fall upon o, then cy 
vaniſhes, and their motions are deſtroyed by the 
ſtroke. Tuis propoſition ſerves for determining the 
caſes when the bodies are either perfectly hard, or 
perfectly ſoft. 


7. But if the bodies are perfectly claſtic, take c x 
equal to cp in an oppoſite direction; and the velo- 
cities of A and B after the ſtroke, with their direc- 
tions, will be repreſented by x a and E reſpectively. 
For the change produced in their motions by the 
ſtroke, being, in this caſe, double of what it was in 
the former, by Y2; and the difference of a b and 
op (the change produced in the velocity of A in the 
former caſe) being equal to the difference of cy, or 
CE, and £4, it follows that the velocity of a after 
the ſtroke is meaſured by E a; and the difference of 
EB and CD, or CE, viz. CB, being equal to the dil- 
ference of cp and Bo, it follows, that E B is the ve- 
locity of B after the ſtroke. If 3 have no motion 
before the ſtroke, let as repreſent the velocity of a, 
take ct equal and oppoſite to c B, and EA, EB, will 
repreſent the velocities of a and 8 after the ſtroke: 
in which caſe, the velocity of a before the ſtroke 1s 
to the velocity of B after it, as AB to EB, or 2 C3; 
that is, as one half A B to c B. and therefore (by 
the property of the centre of gravity) as half the 
ſum of the bodies a and x to A. 

2 From 
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From this theorem, all the caſes relating to the 
motion of bodies that have a perfect claſticity may 
be immediately deduced, For example, if the bo- 
dies A and B be equal, then cage, and ſince cx = 
cd, it follows that EASD, and EH AD; that is, 
the bodies exchange their velocities by che ſtroke. 


8. But if the elaſticity of the bodies is imperfect, 
take CE (Fig. 48. 1. 1.) equal and oppoſite to cp, 
but e is leſs than ca, ana c leſs than cs, in the 
ſame proportion as their elaſticity is leis than a per- 
ject elaſticity z and the right lines E a and x will re- 

reſent their velocities aſter the ſtroke, by & 3: be- 
cauſe if we diſtinguiſh the time in which che bodies 
acd upon each other into two periods, as in that ar- 
ticle, the effect produced in the ſecond period will be 
leſs than the effect produced in the firſt period, in 
that ratio. In this cafe their reſpective velocity after 
the ſtroke is repreſented by ab, and is to their re- 
ſpective velocity before the ſtroke, as a6 to AB. 
In glaſs, Sir Jſaac Newton found this ratio to be that 
of 15 to 16, as was obſerved above; conſequently 
in determining the effect of their colliſions, we are 


1 


to take c 4=43S ca, and c= AT CB. 


9. If motion be communicated, in this manner, 
from a body A to a feries of bodics in a geometrical 
progreſſion, then the velocity ſucceſſively communi- 
catcd to thoſe bodies will be likewiſe in a geomcetri- 
cal progreſſion ;. and if a and B be the two firſt bo- 
dies, the common ratio of the velocities will be that 
of half the ſum of a and B; to A; that is, if the bo- 
dies a, B, be repreſented by the right lines oa and 
ob, (Fig. 48. u. 2.) and ab be biſected in e, the 
common ratio of any two ſubſequent velocities in 
the progreſſion will be that of e to o; and if * 

O 4 repre- 


200 Sir laAAe NzwrToN's Book II. 


repreſent the number of bodies without including 
the firſt a, the velocity of the laſt will be to the ve. 
locity of the firſt, as the power of oa whoſe expo. 
nent is z to the ſame power of oe, 


10. Any three bodies being repreſented by 9a, 
ob, and od, take of to od, as oa is to ob; then 
ſuppoſing the motion to begin from the firſt og 
(which was ſuppoſed to ſtrike o quieſcent, and 
afterwards to ſtrike od quieſcent) the velocity com- 
municated, in this manner, to the third ſhall be to 
the velocity of the firſt, as 04 is to one fourth part 
of the ſum of oa, ob, of and od, For the velo- 
city of the firſt 02 is to the velocity of the ſecond ob, 
as the ſum of oa and 9b to 20a; the velocity of oþ 
is to that of o, as the ſum of ob and od to 20; 
conſequently the velocity of the firſt o is to the 
velocity of the third od, in the compound ratio of 
0240b to 208 and of o ed to 2 06, that is, (ſince 
00, o, of, od, are proportional, ſo that oa is to ob, 
as ca+of to oed, and oa+0bto ob, as the ſum 
of oa, ob, of and od to o ted) as the ſum of oa, 
o, of and od is to 40a, Hence the velocity of 
oa being given, the velocity communicated to od 13 
inverſely as the ſum of oa, o, of and od, and is 
orcateſt when this ſum is leaſt ; that is, if o@ and od 
be given, when o and of coincide with each other 
and with o the mean proportional between o@ and 
od. Therefore the velocity communicated to od 1s 
greateſt when , the body interpoſed between 0s 
and o d, is a mean proportional between them. This 
is one of Mr. Iluygens's theorems z from which it 
follows, that the more ſuch geometrical mean pro- 
portionals are interpoſed between 02 and od, the 
greater is the velocity communicated to od. There 
is, however, a limit which the velocity communt- 
cated to d never amounts to, (the bodics 0a, oC, 
au 
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and the velocity of o a before the ſtroke, being given) 
to which it approaches continually, while the num- 
ber of ſuch bodies interpoſed between o and od is 
always increaſed, And this limit is a velocity which 
i; to the velocity of the firſt o before the ſtroke, in 
the ſubduplicate ratio of 4 to od; as we have de- 
monſtrated in our fluxions, F 514. 


11. The ſame principles will ſerve for determin- 
ing the effects of the colliſions, when a body ſtrikes 
any number of bodies at once, in any directions 
whatever. Let the bodies firſt be perfectly hard and 
void of elaſticity, and the body c (Fig. 49.) moving 
in the direction ep with a velocity repreſented by 
ob, ſtrike at once the bodies A, B, E, &c. that are 


ſuppoſed at reſt before the ſtroke, in the directions 


cf, CH, CK, Sc. in the ſame plane with cp, and 
let Da, DG, ne, be perpendicular to cr, e R, CK, 
in a, b, and e, reſpectively, Determine the point 
p where the common centre of gravity of the bo- 
dies c, A, B, E, Sc. would be found, if their cen- 
tres were placed at the points c, a, 5, e, &c. re- 
ſpcCtively, (by $ 13. chap. 2.); join p, and c L 
parallel to p py ſhall be the direction of the body c 
after the ſtroke, Let yr, perpendicular to pp, meet 
o in x, and DL, perpendicular to ep, meet CL in 
J; then if cx be divided in , ſo that cc be to c 
in the ratio compounded of that of cp to e R, and 
that of the body e to the ſum of all the bodies, the 
velocity of e after the ſtroke will be repreſented by 
ga; that is, the velocity of c after the ſtroke will 
be to its velocity before it, as c is to . Let 
Gf, 6h, and 6 & be reſpectively perpendicular to 
Cr, CH, and CK, in /, b, and &; and the velo- 
cities of a, B, and E, after the ſtroke, will be repre- 
lented by /, c and ck. 


But 
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But if we now ſuppoſe the bodies to be perfect 
elaſtic, or. the relative velqcities, before and after 
the ſtroke, to be always equal when meaſured on the 
ſame right line; produce p till p be equal t9 
2 DG, join cp, and the body c will deſcribe cp af. 
ter the ſtroke, in the ſame time that it would have 
deſcribed a light line equal to op, before the ſtroke, 
And, in like manner, the motions are determined 
when the elaſticity is imperfect, if the relative velo. 
City after the ſtroke is always in a given ratio to the 
relative velocity before it in the ſame right line. 
Mr. Berncuilli has reſolved only a very limited caf: 
of this problem, in his Efſay on motion, Paris 1726; 
for he ſuppoſes the bodies to be perfectly elaſtic, and 
that, ſor cach body on one fide of the line of direc: 
tion Cp, there is always an equal body on the other 
fide, that is impell'd in a right line forming an equal 
angle with c Þ ; ſo that the body c moves with the 
ſame direction after the ſtroke as before. The ſolu- 
tion of this particular caſe, (which he repreſents as: 
matter of uncommon difficulty, and magnifies as the 
fruit of the new doctrine concerning the forces of 
bodies) he derives from this principle, “ that the 
ſum of the bodics multiplied by the ſquares of their 
velocities is the ſame before and after the ſtroke;“ 
which principle, however, had never been demon- 
ſtrated by him; for it cannot be conſidered as an 
immediate conſequence of the equality of action and 
re- action, as he too haſtily concluded, by what was 
ſhewn above, But the ſolution of theſe and other 
problems of this kind is derived, in a natural eaſy 
and general manner, from the laws concerning the 
ſum of the motions of a ſyſtem of bodies eſtimated 
in a given direction, and concerning the motion of 
their centre of gravity, which is never affected by 


their colliſions. 
| 12. 
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12. The ſame things being ſuppoſed as in $ 7, 
© becauſe ED, (Fig. 47.) it follows that ap *— 
E ig*=4CEXCA; and that EB*—gD* =4 ctxcs. 
But AX4CEXCAZBX4CEXCB, by the property of 
the centre of gravity c: therefore aXaD*—axar® 
| —=BXEB*—BXBD*, Or AXAD*+BXBD*=aXaz® 
| 4BXEB*; that is, when the bodies are perfectly 
elaſtic, the ſum ariſing when each is multiplied by 
| the ſquare of its velocity, is the ſame after the ſtroke 
as before it. The ſame things being now ſuppoſed 
as in the laſt article, let v g, fm, hn, kr, be 
perpendiculars to co, in &, 4, m, u, ander; then 
the rectangles contained by cm and c , cn and 
co, cr and oa, will be reſpectively equal to the 
ſquares of , ch, and c &. If the bodies o, a, 
D, E, be ſuppoſed to have no elaſticity, their velo- 
cities after the ſtroke will be repreſented by cs, y, 
ch and ck, the velocity of c before the ſtroke being 
repreſented by c p, becauſe, in this caſe, no relative 
velocity is generated by the ſtroke in their reſpective 
directions; and the ſum of axcm, BXCn, EXCY is 
equal to e Xx O, becauſe the ſum of the motions 
which would be communicated to A, 3 and E, in the 
direction eG, is equal to the motion which c would 
loſe in the ſame direction, by & 4. chap. 2. There- 
fore the ſum of Ax cf, BX, Ec is equal 
to x e ; and to theſe if we add & c, the 
ſum of all the bodies multiplied by the ſquares of 
their velocities in this caſe would be cxcexcg. But 
when the bodies are ſuppoſed to be perfectly elaſtic, 
the velocitics of a, B and x, are to be repreſented 
by 2 cf, 2 ch, and 2 ck, reſpeCtively ; the ſum of 
AxX4acf*, Bx4ch* and EXͤT4C , is equal to 
CX4CGXGQq or (Elem. 8. 2.) cxcq*—cxcg*; to 
which if we add cxcg* (or c +cxDe*) the 
whole ſum of the products, when each body is mul- 

tiplicd 
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tiplied by the ſquare of its velocity, is equal to cy 
cp“; and conſequently the ſame after the ſtroke as 
it was before the ſtroke. When therefore the bodies 10 
are void of elaſticity, this ſum is leſs after the ſtroke Ml 


ge : l 
than before it, in the ratio of coxcq to op, or of 5 
c to CI, L being the point where LD perpendicu. MW u 


lar to co meets c And when the bodies a, B, E, 
move, before the ſtroke, in directions different from 
thoſe in which c acts upon them, the propoſition f 
will appear by reſolving their motions into ſuch a 
are in thoſe directions (which alone are affected by 
the ſtroke,) and ſuch as are in perpendiculars to th 
directions, from Elem. 47. 1. This propoittion 
likewiſe holds when bodies of a perfect elaſticity Wi x, 
ſtrike any immoveable obſtacle as well as when they en 
ſtrike one another, or when they are conſtrained, by 
any power or reſiſtance, to move in directions dit. 
ferent from thoſe in which they impell one another. 
But it is manifeſt, that it is not to be held a general 
principle or law of motion, fince it can take place in 
the colliſions of one ſort of bodies only. The ſolu- 
tions of ſome problems which have been deduced 
from it may be obtained, in a general and direct 
manner, from plain principles that are univerſally 
allowed, by determining firſt the motions of hard 
bodies, which are ſuppoſed to have no elaſticity, and 
thence deducing the ſolutions of other caſes, when 
the relative velocities betore and after the ſtroke are 
equal, or in any given ratio, 


13. From what was ſhewn in the laſt article, we | 
are led to the principle, which, by Mr, Huygens, was tt 
called the conſervatio vis aſcendentis, It is well Moy 
known, and was proved in 11. chap. 1. that the Wh: 
heights to which bodics will rife againſt the direct Wc, 
reſiſtance of an uniform gravity are as the ſquares Wt : 
of the velocitics With winch they ſet out. In the laſt 

3 article 
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article we found that the ſum of the products, when 
the bodies are multiplied by the ſquares of their ve- 
| locities, is the ſame after as before the ſtroke ; pro- 
| vided the bodies be perfectly elaſtic. If, therefore, 
we ſuppoſe the motion of the bodies to be turned 
upwards in vertical lines, the ſum of the products 
when each body 1s multiplied by the height to which 
it would ariſe is the ſame after as before the ſtroke. 
But by the property of the centre of gravity, in 5 
E 15, Chap. 2. the ſum of the products of the bodies 
| multiplied by thoſe heights is equal to the product of 
the ſum of the bodies multiplied by the height to 
which their centre of gravity would ariſe. There- 
fore when the motions of bodies are ſuppoſed to be 
converted upwards in vertical lines, before or after 
their colliſions, their common centre of gravity will 
always ariſe to the ſame height ; and that is what is 
meant by Mr. Huygens when he tells us the vis 
aſcendens of any ſyſtem of bodies is not affected by 
their colliſions or mutual actions, provided they be 
perfectly elaſtic; for if they are ſoft bodies, or have 
an imperfect elaſticity (which indeed is the caſe of 
all bodies we have acceſs to examine, ) then it is ob- 


y ous that by their colliſions their motions are often 
'd iminiſhed, and ſometimes totally deſtroyed ; fo 
d What che centre of gravity will neceſſarily ariſe to a 
en 


els height after their colliſion than before it, if the 
re gotions of the bodies be ſuppoſed to be converted 
pwards in vertical lines. 


14. When bodies are moved by their gravity, and 

t the ſame time act upon each other, it will ſtill be 

ound, that the ſum of the products that ariſe when 

ach body is multiplied by the ſquare of the velocity 

«quired by it, is equal to the difference of the ſum 

the products of thoſe that deſcend multiplied by 
the 


„ 
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the ſquares of the velocities that would have been 
acquired by the ſame defcents, if the bodies had 
fallen freely without acting upon each other, and of 
the ſum of the products of the bodies that aſcend 
multiplied by the ſquares of their reſpective veloci. 
ties that would be acquired by falling freely along 
the reſpective altitudes to which they have ariſen; 
provided that the elaſticity of the bodies be perfect; 
or if it be imperfect, that there be no colliſion, or 
ſudden communication of motion from one body to 
another, For if the relative velocities in their re- 
ſpective directions be leſs immediately after that 
action than before it; in thoſe caſes, the ſum of the 
products of the bodies multiplied by the ſquares of 
their velocities will be leſs than it would have been 
if the bodies had deſcended freely from the ſame re- 
ſpective altitudes ; and if the bodies be ſuppoſed to 
aſcend with their reſpective velocities at any time, 
and their motions be retarded by their gravity only, 
the common centre of gravity will not aſcend to the 
fame level from which it deſcended ; as we have 
ſhewn at length in our Treatiſe of Fluxions, from 


§ 521 to 533, 


'15. The true general principle on this ſubject, , 
that when any number of bodies, moved by their 
gravity, are connected together in any manner ſo as 
to act upon each other while they move, the aſcent 
of their common centre of gravity, in their vibra- 
tions or revolutions, will be always found to be 
either equal to its deſcent, or leſs than it, but never 
to exceed it. And, from this principle, the impoi- 

ſibility of a perpetual morion is juſtly derived. For 
it appears, that, in ſuch vibrations and revolutions, 
the ſucceſſive aſcents of the centre of gravity mult 


continually diminiſh, in conſequence of the attn: 
tion 


reer — — a= kh » 
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tion of the parts of bodies, and the reſiſtance of the 
medium; fince the aſcent of the centre of gravi 

being never greater than the deſcent (tho? often leis 
than it,) there can be no gain of force to overcome 
thoſe reſiſtances, All motion, therefore, muſt be 
abated and gradually languiſh in our mechanical en- 


pines, unleſs they be ſupplied by new and repeated 
iniuences of the power. 


16. It is very well known, that, when allowance 
is made for the defect of elaſticity in bodies, for at- 
trition, and the reſiſtance of the medium, theſe con- 
cluſions are perfectly agreeable to experience; and 
therefore ſerve to confirm the general laws of motion 
with their corollaries, and our methods of reaſon- 
ing from them, 


CHAP. V. 


Of the motion of prejectiles in vacuo ; of the cycloid, 
and the motion of a pendulum in it“. 


LEM M 4 1, 


Suppoſe the motion of a body to be uniformly ac- 
celerated z let the time be repreſented by the right 
line a M, (Plate IV. Fig. I.) and any part of it by 
Ak, draw MN, K L perpendiculars to a M in M and 
k, and AN interſecting them in x and L: then the 
velocities acquired in the times a M, A k, reckoned 
irom the beginning of the motion, will be as the 


* To render the ſecond book more complete, we have added 
this ſupplement, from two pieces which the author uſed to give 
his ſcholars. The ſubſtance of them is taken ſrom the learned 


n Mr. Cotes's' tracts, printed at the end of his Harmonia Men- 
er GrMIn, 


Per: 


f 
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perpendiculars N, K I, but the ſpaces deſcribed in 
theſe times will be as the areas AMN, AK L. 


This propoſition has been demonſtrated elſewhere, 
but we ſhall here add the proof that is commonly 
given of it, by the method of indivi/ibles. 


Since the motion of the body is ſuppoſed to be 
uniformly accelerated, that is, to receive equal in- 
crements of velocity in equal times, the velocitics 
acquired will be always proportional to the times: 
ſo that if M N repreſent the velocity acquired in the 
time à M, it follows, becauſe A M: AK:: Mx: EI, 
that K L will repreſent the velocity acquired in tho 
time ak, After the ſame manner, the velocities 
acquired in the times AB, Ac, AD, Sc. will be 
repreſented by the perpendiculars B E, CF, DG, Er. 
reſpectively. 5 


The ſpace deſcribed by any uniform motion is az 
the rectangle contained by the right lines that repre- 
ſent the velocity and the time : therefore the ſpaces 
deſcribed in the times A B, Bc, , DH, Ec. with 
the velocities B E, CF, DG, HI, Cc. are as the rect- 
angles AE, BF, CG, DI, Sc. and the ſpaces de- 
ſcribed in the whole time Aa K as. the ſum of theſe 
rectangles, That the motion may be uniformly and 
continually accelerated, ſuppoſe the number of the 
parts AB, BC, CD, Sc. into which the line a K 1s 
divided, to be increaſed in infinitum, and the ſum of 
the rectangles A R, Br, Cc, Cc. will become equal 
to the triangle AK L. Therefore, in a motion uni- 
formly accelerated, the ſpaces deſcribed in any times 
AK, AM, from the beginning of the motion, are 33 
the areas AK L, AM N. 


Care! 
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Corol. 1. The ſpace deſcribed by a motion uni- 
ſormly accelerated, in any time, is half the ſpace 
that would be deſcribed, in the fame time, by an 
uniform motion with the velocity acquired at the end 
of that time. 


The ſpace deſcribed by a motion uniformly acce- 
lerated, in the time a Kk, is repreſented by the tri- 
angle AK L; the ſpace that would be deſcribed by an 
aniform motion, in the ſame time, with the velocity 
Kl, is repreſented by the rectangle contained by AK 
and K L, but the triangle AK L is half of that rect- 
angle; and the propoſition is manifeſt. 


Corol. 2. The ſpaces deſcribed by a motion uni- 
ſormly accelerated, are as the ſquares of the times 
from the beginning of the motion; for thoſe ſpaces 
are as the ſimilar triangles A K l., AM x, whoſe ho- 
mologous ſides A k, AM, repreſent the times. For 
tic ſame reaſon, the ſpaces are alſo as the ſquares of 
(EL, MN.) the velocities acquired at the end of 
thoſe ſpaces, 


Corol, 3. If the accelerating force is ſuppoſed to 
be greater or leſſer in any given ratio, the velocities 
generated by it, in a given time, will be increaſed or 
diminiſhed in the ſame ratio. And in any times, the 
velocity generated by this force, will be to that ge- 
nerated by the former, in the compounded ratio of 
the forces and of the times, ; 

Coro]. 4. The fall of heavy bodies, either perpen- 
Cicular or along inclined planes, being a motion uni- 
tormly accelerated, the preceding Lemma and its cov +. 
ro laries may be applied to them. 


P | LE N. 
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LEMMA II. Hg. II. 


It two heavy bodies fall from reſt at c to the ho- 
rizontal line AB, one in the vertical en, and the 
other along the inclined plane c a ; the time of de. 
icent from c to B, will be to the time of deſcent from 
C to A, as CB to CA; and the velocities acquired at 
B and A will be equal, 


For let the force of gravity by which the body 
deſcends in the vertical cs, be repreſented by cn, 
and reſolved into the forces B p perpendicular to ca, 
and cp; the other body is urged along the inclined 
plane by cp only. Therefore the accelerating forces 
by which the bodies deſcend in the vertical c B ard 
along the inclined plane c A, are repreſented by cs 
and e. The ſpaces deſcribed in equal times, by 
the uniform continued action of any forces, are in 
the ſame ratio as thoſe forces : therefore the bodies 
will fall from e to B, and from © to p, in equal 
times. But the time of deſcent from c to Þ is to 
the time of deſcent from e to 4 (by Corel. 2. and 4. 
Lem. 1.) in the ſubduplicate ratio of cp to c a, that 
is, (becauſe p, oB, Ca, are in continued propor- 
tion) in the ratio of cÞ to cp, or of cs to c. 


Again, the velocities generated in the falls are in 
the compound ratio of the generating forces, and of 
the times of their generation (Corol. 3. Lem. 1. 
that is, in the preſent caſe, in the compound ratio 
of catocs, and of cy to c A; which compound 
ratio is that of equality, 


LE N. 
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LEM MA III. 


Upon the ſame horizontal plane, let there be 
raiſed another plane ca, whole elevation is cn; 
from c draw C 1 parallel to c a, meeting BA in 1, 
and from ; the line Bd perpendicular to ci. Then 
cp repreſenting, as before, the conſtant force of gra- 
vity, cD, d will repreſent the accelerating forces 
along the planes c a and (oi or) ca; and their ratio 
being compounded of thoſe of cp to cs, and of 
cz to c d, that is, of cs to ca, and {ci to cs or) 
ca to e; it follows that thoſe accelerating forces 
| are directly as the elevations of the planes, C B, c B, 
and inverſely as their lengths c a, c 8. 


Corel, 1. Compound now theſe three ratios z; that 
of e A to CB, of VC to Vc, and of cn to ca, 
their ſum gives the ratio of the times of falling thro? 
ca and ca, being the direct ratio of the lengths ca, 
ca, and the inverſe ſubduplicate of the elevations 
CB, or CB, 


Corel, 2. The velocities acquired being as the ac- 
celerating forces and the times in which they act; 
compound the ratio of theſe found in the preceding 
Lemma and Corollary, and there will reſult that of 
the velocities, viz. the direct ſubduplicate of the 
clevations c B, CB, 


Corel. 3. Hence likewiſe it is inferred, that if 
(Hg. III.) a body fall from reſt at e, to a in the ho- 
1z0ntal line a B, along any number of planes c Þ, 
DE, EA, inclined to each other any how, as at o and 
„ the velocity at a will be the ſame as if the body 
had fallen in the vertical e B; abſtracting however 

1 from 
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from the loſs of velocity that happens by its impuls 
at D and E, upon the contiguous planes, 


That multiplying the number of planes from c tg 
A, till the path of the body becomes curviliney, 
the velocity at a will be accurately the ſame as in the 
perpendicular fall c B. 

And laſtly, that if a ſeries of planes, c d, 4, 
&c. ſimilar and ſimilarly ſituated to the former, 
two ſimilar and ſimilarly ſituated arcs of a curve, he 
the path of the body; the velocities will be as the 
lengths of the paths; and the times in the ſubdupi. 
cate ratio of thoſe lengths, of the heights cs, ch 
or of any two homologous lines belonging to the 
figures, 


Coro), 4. Let A D (Fig. IV.) be the diameter of1 
circle touching the horizontal line in A; © 4, 60 
any two chords drawn to A. Then, if bodies deſcend 
by the force of gravity along theſe chords, the time 
of deſcent will be equal; and the velocities will be 
proportional to the chords ca, A. 


For, joining Dc, Dc, and making e x, ce, per 


pendiculars to the diameter; becauſe the triangt 5 
DCA, EA are ſimilar, as alſo pc a, eca; it Ml: 
eaſily ſhewn, that c a is to ca in the ſubduplicaag 
ratio of the elevations Ax, Ae: and this compound e 
with the ſame ratio inverted, gives the ratio of equi. 
lity ;; which, by Corel, 1. is that of the times. * 

AP 


And, by Corel. 2. the velocities are in the ſubd 
plicate ratio of AE to a e, or that of e A toc A. 


J. 
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I. Of the motion of projectiles. 
PROPOSITION I. Hg. V. 


The line deſcribed by a heavy body, thrown in any 
fireflion not perpendicular to the horizon, is a parabola, 


Suppoſe a body projected in the direction a p, 
with the velocity it would have acquired by falling 
from B to A, the body, by that force alone acting 
upon it, would uniformly deſcribe the right line 4 3 
and any part of the line of direction, as an, repre- 
{nts the time in which it would be deſcribed. 


Suppoſe that the force of gravity, acting alone, 
would have, in the ſame time, carried the body from 
a top; compleat the parallelogram a Þ m i, and, 
at the end of the time repreſented by a u, the body 
will actually be found in Mx. Since, by the firſt Co- 
'olary of the firſt Lemma, the time in which the bod 
falls from B to A is the ſame in which it would de- 
cribe 2 A by an uniform motion, with a velocity 
equal to that acquired at a, therefore that time will 
be repreſented by 2 a B, But the time in which the 
body would fall from a to p being repreſented by 
an, it follows, from the ſecond Corollary of the 
ame Lemma, that AP: AB:: AH“: 4A B, and 4 ABN 
A?ZAn*=PM*: from which it appears that the 
point 24 is a point in the Parabola whole diameter is 
4P and vertex A, having the parameter of that dia- 
Liter equal to 4 A3. 


Carol. 1. It is evident that the line an is a tan- 
gent to the Parabola in a, becauſe it is parallel to 
e ordinate PM, 

23 Corol. 
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Corol. 2. Since 4A B is the parameter of the dia. 
meter AP, it follows that the parameters belonging 
to the vertex A of the diameter Ay are always in the 
duplicate ratio of the velocities of the projection, 
the ſpace a3 being always as the ſquare of the vels. 
city acquired by falling from B to A. It follows al 
that the parameter of A is the ſame when the velo- 
city of the projection is the ſame, whatever the di. 
rection an of the projectile be. 


Corol. 3. If from a as centre you deſcribe the 
ſemicircle B , its circumference ſhall be the ly 
of all the foci of the parabolas that can be deſcribed 
by a projectile thrown from a, with the velocity it 
could acquire falling from B to a : for, by a known 
PREY of the parabola, the diſtance of the focus 

rom A is always equal to + of the parameter of the 
diameter that paſſes thro* A: that is, to + of 44 
or to A; itſelf; all the foci muſt therefore be found 
in the ſemicircle BqQL. 


Corel. 4. Hence it is eaſy to determine the par- 
bola deſcribed when the direction of the projectile 1 
given; for you need only draw AF ſo as to make 
the angle F a p equal to the given one pA B, which 
the direction ap makes with the perpendicular 43, 
and the point r where A x cuts the ſemicircle B Q1 
ſhall be the focus required; and, if you draw thro f 
the line N parallel to AB cutting the direfrix B: 
in N, it ſhall be the axis, and 1, the middle point 
betwixt F and v, ſhall be the vertex of the parabola, 
4 F1 being the parameter of the axis, 


Corol. g. If you draw a line thro' the vertex ! 
parallel to the directrix, meeting AB in c it muſt be 
biſected by the line of direction in 9; and * 

| ray 
Li 
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draw a line from the focus x, to p, it will be perpen” 
dicular to the tangent, and will paſs thro' s if pro- 
duced, as appears from the properties of the para- 
bola : and therefore a ſemicircle deſcribed upon a 
as diameter will always paſs thro the point p, where 
the line of direction cuts c 1 the tangent to the ver- 
tex of the parabola, | 


Definition, If you draw a line thro” the point a, 
parallel to the horizon, cutting the axis in o and the 
parabola in k, then A K is called the amplitude of 
the parabola, 


PROPOSITION I. 


The amplitude of any parabola is always equal to 
four times the fine of double the angle which the line of 
diretion makes with the vertical, taking the half of 
kB for radius, | 


For A K=2 AO=2CI=4cD; but Ak is the am- 
pitude of the parabola, and op is the ſine of the 
angle DG B, Which is the double of B a bp, if you 
take GB (SE A B) for radius. 


Therefore the amplitude is equal to 4 times the 
line of double the angle 3 a p, which the vertical 
makes with the line of direction. 


Corol. 1. The velocity of projection being given, 
the amplitudes are to one another as the ſines of 
double the angles of inclination. 


Corol. 2. If the angle s A p does not exceed 455, 
then it is plain that the more acute that angle is, the 


amplitude a x muſt be the leſs; ſince the ſine of 
| P 4 double 
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double that angle muſt become leſs, and the ampli. 
tude is equal to four times the fine, 


When the angle ; a D vaniſhes, then the parabol; 
A1K coincides with the ſtreight line An; and the 
Projectile, inſtead of deſcribing a curve, will only 
riſe to B and fall again to a. 


On the other hand, the more the angle s a p ap- 
proaches to 45*, the line cp, which is the fine cf 
double that angle, becomes the greater: and there. 
fore the amplicude ax, which is quadruple of that 
fine, muſt alſo become the greater. 


Corel. 3. When the angle s a Þ becomes 45, the 
points F and o ſhall fall on the point q, where the 
ſemicircle 3 cuts the horizontal line a K; the ſin: 
op of double 3 AD becomes now the fine of 90“, 
and therefore is equal to the radius © A, 


But ſince the radius 1s the greateſt ſine, it is plain 
that now the amplitude à 1s the greateſt that can 
be deſcribed by any projectile thrown from a with a 
velocity which it would have acquired by falling from 
B to A: and this greateſt amplitude is always double 
of BA; for AK in this caſe is equal to 4 40 2 AB, 
Hence it appears, that if you throw a body in a di 
rection that makes an angle of 45 with the hor 
Zon, it will be carried fatther on the horizontal line, 
than if you threw it with the ſame force in any oth 
direction, | 


C507, 4. When the angle nA p is greater than 
455, then according as it approaches to a right ange, 
the parabola becomes more and more open, but the 
amplitudes ax decreaſe as the angle 3 a b n 
EN or 


* 
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for a K=4 CD, and c Þ muſt, in this cafe, decreaſe 
according as B AD increaſes, 


If of two directions ap and à d, the elevation of 
the one exceeds that of 459% as much as the eleva- 
tion of the other wants of it, their amplitudes will 
be equal; for the fines of double theſe angles muſt 
be equal, becauſe they are ſupplements to two right 
angles, to one another : but the amplitudes of the 
parabola are always quadruple of theſe fines, and 
therefore they muſt alſo be equal to one another, 
That the doubles of theſe angles are ſupplements ta 
one another appears thus : let their difference from 
45* be called a, and the greater ſhall be 45* +a, 
the leſſer 45 —4, their doubles ſhall be 90%*-þ2 A 
and 9g0*—2a, which are ſupplements to cach other 
becauſe together they make up 180®. 


Corol. g. When the angle B a D becomes a right 
angle, then A becomes the axis, and a the vertex 
of the parabola, c vaniſhes, and AK becomes 


= 0, 


Corel. 6. When the angle 3 a Þ becomes greater 
thin a right one, then the curve deſcribed ſhall be 
only a portion of the parabola that we have conſi- 


dered in the preceding corollaries, lying on the other 
de of A. 


Corel. 7. If there is given the impetus or velocity 
wherewith the projectile is thrown, and the angle of 
clevation, or its complement B A D, you may find 
the amplitude a x, and the altitude of the parabola 
deſcribed by this projection. For ſecing the ampli- 
tude of 45 is 2 AB (which is the line that always 
expreſſes the velocity, ſince by falling thro* it the 
velocity is acquired) you may ſay as the radius | or 

me 
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ſine of 90 is to the ſine of double the angle 34 5 
ſo is 2 A B to Ak the amplitude ſought, (by Cor. I.): 
the amplitude being found, you may find the alti. 
tude by ſaying, as the radius is to the tangent of the 
angle of elevation, ſo is D (AK) to Ac the alti. 
tude ſought. 


Coro]. 8. If you have given, the amplitude a x, 
and the angle of elevation pA k, you may find the 
impetus neceſſary to deſcribe a parabola that ſhall 
have that amplitude, by this proportion; as the fine 
of double the angle of elevation, is to the radius, 
ſo is one half of the given amplitude to AB, the 
ſpace thro? which a body mult fall to acquire the ne- 
ceſſary impetus. 


Corol. q. If the impetus and amplitude be given, 
the direction may be found by this rule. Firſt find 
AB, by falling taro* which the given impetus may 
be acquired; then ſay, as the double of this line to 
the given amplitude, fo is the radius, to the ſine of 
double the angle of elevation, and this angle or its 
complement will fatisfy the problem. 


PROPOSITION II. Eg. VI. 


A projectile thrown in the direction Aa E, with the 
velocity it would acquire by falling from B to a, will 
 frike any line anink, ſo that A K ſhall be equal to 
40 D: ſuppoſing ac perpendicular to the line a x, the 
angle GB A=G A B, and that the circle deſcribed from 
G as centre, with the radius GA, cuts the direction AE 
in D, and that Dc is parallel to Ax, meeting AB in c. 


For it is plain that the angle A D (DAK) 
DBA, by Eucl. 32. 3. and that conſequently the 
til 
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triangles ADC, ADB are ſimilar, having the angle 
at A common, and the angle A D ABD; therefore 


Ac: AD: : Ab: AB:: (becauſe of the ſimilar tri- 
angles A CD, PAK) Ap: PR:: (by the property of 
the parabola) K: 4 AB, therefore A D=;P k, and | 
conſequently c D=x AE, OF AK=4 CD, 


Corol. 1, Draw thro* p a parallel to a 3 meeting 
the circle in d, and draw ad; then will the pro- 
jectile thrown in the direction a d ſtrike the line a * 
in the ſame point K; for d. 


Corol. 2. Let HL, parallel to a s, touch the cir- 
cle in u, then ſhall a H be the direction which will 
carry the projectile fartheſt on the line a N becauſe 
when D comes to H, then cp is the greateſt it can 
poſſibly be, and conſequently Ak (=4 cp) is then 
the greateſt diſtance the projectile can be carried to, 
on the hne a N, by the velocity acquired by falling 
from B to A. But it is plain that the angle H A n= 
HBAZHAB, therefore the direction a EH biſects the 
angle B A N which the line A N makes with the ver- 
tical A B. 


Corol. 3. The lines a D, A d, make equal angles 
with A H, alſo the angle DA Nd A ; and when 
theſe angles are qual the diſtance a K is the ſame. 


Coro]. 4. When Ak is given and the direction is 
required, take A RS π of A k, and thro' x draw 
kD parallel to A B, meeting the circle in Þ and d; 


then draw A Db, A d; and theſe will be the direc- 
tions *. 


* See more on this ſubje& in Mr, Gray's treatiſe of Gunnery, 
London 1731. | 


II, 
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II. Of the cycloid; and the motion F a pendulum 
| in it. 


Definitions. If the circle c D (Fig. VII.) roll on 
the given ſtreight line AB, ſo that all the parts of 
the circumference be applied to it one after another, 
the point c that touched the line A n in a, by a mo- 
tion thus compounded of a circular and rectilincal 
motion, will deſcribe the curve line Ac EB which i; 
called the cycloid. The ſtreight line A is called the 
baſe; the line E F perpendicular to a B, biſecting it 
in F, the axis; and the point = the vertex of the 

ycloid. The circle by whole revolution the curve 
ine is deſcribed, 1s called the generating circle. The 
line cx parallel to the baſe a 3, meeting the circle in 
c and the axis in k, is called an ordinate to the axis; 
and a line meeting the curve in one point, that pro- 
duced does not fall within the curve, is called a ta: 
gent to the curye in that point. 


PROPOSITION L 


On the axis E deſcribe the generating circle x or, 
meeting the ordinate CK in q; and the ordinate will 
be equal to the ſum of the arc E O and its right ſiu 
GK; 1 ſay, CK=EG+GK. | 


It is plain, from the definition, that the line a3 
is equal to the whole circumference of the gene- 
rating circle, and therefore A mult be equal to the 
ſcmichcumference EGF, It is alſo obvious, from 
the deſeription of the curve, that the arc c p is equal 
to the line a p, and conſequently the arc oH equal 
to v or IK or CG; but the arc CH is equal to the 
arc EO; therefore e is equal to the arc x6, _ 

| 4 the 
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the ordinate cx ( 6-6 K) muſt be equal to the 
ſam of the arc EO and the right line ok. 


PROPOSITION II. 


The line o n, parallel to the chord xo, is a tangent 
jo the cycloid in C, 


Draw an ordinate c very near c x, meeting the 
curve in c, the circle in g, and the axis in &: let c « 
and 6 u, parallel to the axis, meet the ordinate ck in 
and ; and from o the centre of the circle EO x, 
draw the radius o. Since ERA k, therefore 
czcg+gn; and if you ſuppoſe the ordinate c & to 
approach to the ordinate cx, and at length to coins 
cide with it, as g and G vaniſh, the triangles 
c2n and GOK become ſimilar, whence Gg: g:: 
0G:OK, and ogg n: gu: : OGTOEK (TFE): OK; 
but n: gn:: Ok: O k, therefore Ogg n: n:: 
K: OK: : GK: EK; and conſequently ca:cu:: 
CK:EK ; and if you draw the chord cc, the tri- 
angles c#c, EKO Will be ſimilar z ſo that the chord 
cc, as the points c and c coincide, becomes parallel 
to EG : therefore the tangent of the cycloid at c is 
parallel to EG. 


PROPOSITION m. 


The arc of the cycloid E L is double of the chord E 
of the correſponding arc of the generating circle E M r. 


Let KL and &s be two very near ordinates of the 
cycloid, meeting the generating circle in and Q 
produce the chord E M till it meet the ordinate &s in 
?; let Q be the perpendicular from q on M; then 
oy the lines EN and MN, touching the circle in E 
and . 


Becauſe 
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Becauſe the triangles E NM, P QM are ſimilar, ang 
ENZNM, therefore v Cis equal to q M; and the tri. 
angle yqM being iſoſceles, the perpendicular d 
biſects the baſe pM ; ſo that me is double of » 5: 
but, by the laſt propoſition, Ls is parallel, and con. 
ſequently equal, to M, and 1 s is equal to 2 mg, 
The line Ls is the increment of the curve x L, gene. 
rated in the ſame time that the chord E M increaſe; 
by Mo, ſince E Cis equal to E, when the points q 
and Mm come together: Therefore the curve increaſes 
with double the velocity that the chord increaſes, 
and ſince they begin, at x, to increaſe together, the 
arc of the cycloid E L will be always double of the 
chord E N. 


Corol. The ſemi-cycloid EL B is equal to twice 
the diameter of the generating circle, E F; and the 
whole cycloid a c E B is quadruple of the diameter 
E r. 


PROPOSITION IV. 


Let ꝝ R be parallel to the baſe a B, and c R paral. 
lel to the axis of the cycloid; and the ſpace E Cn, 
bounded by the arc of the cycloid Ex c and the lines EN 
and R c, ſhall be equal to the circular area E O k. 


Draw cr parallel to ex; and ſince cu: c:: GK: 
E K; therefore Ex Ke R xu, and conſequent- 
ly r XCR=GKXKK&: therefore the little ſpace 
RT GK kg, So that the areas E C R, E O K in- 
creaſe by equal increments; and ſince they begin to 
flow together, therefore they muſt be equal. 


Corol. 
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Carol, 1. Let a r, perpendicular to the baſe a B, 


meet ER in T, and the ſpace ETA C E will be equal 
to the ſemicircle E OF. 


Corol. 2. Since AF is equal to the ſemicircumfe- 
rence EGF, the rectangle x rar, being the rectan- 
gle of the diameter and ſemicircumference, vill be 
equal to four times the ſemicircle xo: and there- 
fore the area EA E will be equal to three times the 
area of the generating ſemicircle x O r. 


Corol. 3. If you draw the line E A, the area inter- 
cepted betwixt the cycloid E e a and the ſtreight line 
z a will be equal to the ſemicircle EO F; for the 
area ECAFE is equal to three times EGF, and the 
triangle EAF=SAFX+EF the rectangle of the ſemi- 
circle and radius, and conſequently equal to 2 E f; 


therefore their difference, the area ECA E, is equal 
to EOF. 


PROPOSITION V. 


Take E b=0Kk, draw bz parallel to the baſe, meet- 
ing the generating circle in x, and the cycloid in x, and 
join CZ, Fx: then ſhall the area c 2 E C be equal to the 
ſum of the triangles ok and br x. 


Draw 2 d parallel to the axis Er, meeting ET pro- 
duced in d, and the trapezium Ro zd will be equal 
to Z RA Z d x R d (becauſe 2 d E OK) TOE 
xRd, But R A RENTE d CK TU ZA EO TORE x 
+6bx; therefore the trapezium rc zd is equal to 
the ſum of the rectangles of half the radius and the 
arcs EG, EX, added to their fines ok, and x. But 
the area EGF, i. e. the triangle EGF and the ſeg- 

ment 
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conſiſting of the ſector x ox and the triangle xox ij; 


therefore = & vaniſhes, and the ſpace cz x c becomes 


ment cut off by the chord E o, is equal to the reg. 
angle contained by half the radius and the ſum of 
the arc E and its right ſine q K; and the area Ex; 


equal to the rectangle of half the radius and the ſun 
of the arc E x and its right fine & x; therefore the 
trapezium Rz d is equal to the ſum of the are; 
EGF and Exr. By the laſt propoſition, the are; 
ECR is equal to x GE, and EZd=Ebx; from the tra. 
pezium Rc z d ſubtract the areas ER, E Zz d, and 
from the areas EGF, Ex r, ſubtract the areas x ox, 
Ebx, and there will remain the area z c equal tg 
the ſum of the triangles, o F k, VTX. 


Corel. 1. Hence, an infinite number of ſegment; 
of the cycloid may be aſſigned that are perfect) 
quadrable, For example, if the ordinate c x be 
ſuppoſed to cut the axis in the middle of the radius 
o E, then K and þ coincide ; and the area E c k be. 
comes in that caſe equal to the triangle o K r, and 
E 5 becomes equal to rx; and theſe triangles 
themſelves become equal. 


Corol. 2. Suppoſe now that x comes to the cen- 
tre ©, and c comes to i; then becauſe ox vaniſhes, 


in this caſe x ci, which is equal to Lox*; for 
the triangle h x in this caſe vaniſhes, 


But to return from this digreſſion 
PROPOSITION VI. Eg. VII. 
Let Arc be a ſemi-cycloid having its baſe xc paris 
lel to the horizon, and its vertex a downwards : ſuf- 


poſe a ſtring, with a pendulum, of the length 7 1 
| i Ws 
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femi-cycloid, ſuſpended at e, and applied to the ſemi- 
cycloid TA 3 the body p, by its gravity, will gradually 
ſeparate the ſtring from the ſemi-cycloid CTA, and will 
deſcribe an equal ſemi-cycloid apy, having its veriex 
in v, and its axis perpendicular to the horizon, 


On the axis a x deſrribe the generating ſemicircle 
AGE, draw AB cutting the vertical line cv in n, 
and on Þ v, taken equal to a E, delcribe the ſemi- 
circle HV. Then, ſince the ſemi- cycloid c T a is 
equal to 2 AE or Cy, (by Cor. Prop. III.) there- 
fore the body y will come to v, when the ſtring c T p 
comes to a vertical ſituation. Thro' T and v draw 
TG and P H parallel to AD, meeting the ſemicircles 
in d and n; and ſince the ſtreight part of the ſtring 
Ty is equal to the curve TA to which it was applied, 
therefore T P=2 AG=Z2TK, and conſequently T « 
and Fp are equal, and the points 6 and n muſt be 
equally diſtant from the line Ab: and therefore the 
acc 4G will be equal to pu, and conlequently the 
angle GADZADH ; and the chords o a, DH, are pa- 
ralicl, But TP, being a tangent to the cycloid in 
, is parallel to A; therefore DKP H 1s a parallelo- 
gam, and D K is equal to rn. But the arc aG is 
equal to G T, by Prop. I. and therefore the arc a C 
SAE; and ſince aDB=aGc E, it follows that p K or 
PHEGE Or HV : and if p H be produced till x meet 
de axis in x; then ſhall the ordinate R be equal 
the ſum of the arc HV and its right ſine R, and 
1-refore the point v, by Prop. I. muſt be in a ſemi- 
/o1d, whole generating circle is DHV, its axis pv, 
dad vertex v. 


Coro]. If another ſemi cycloid equal to o A, as 
, be placed in a contrary ſituation, it is plain, 
ut, by means of theſe ſemi- cycloids, a pendulum 


3 niay 
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may be made to deſcribe the cycloid avs in it; 
oſcillations. 


ſemicircle ih; and ſuppoſing the pendulum to begin 


PROPOS: TIN VI. 


Let v 1, perpendicular to pv, be equal to any ar 
of the cycleid v ,; deſcribe with the radius v1, th 


oſcillation from L, the velocity acquired at M, in th 
cycloid, will be as Mx the ordinate of the circle at tj 
correſponding point M in the ſtreight line v L: and th 
force by which the motion of the pendulum is accelerate! 
in M, is as the arc of the cycloid v M that remains | 


be deſcribed. 


Let LR, Ms be perpendiculars to the axis py, 
meeting the generating circle in o and Q, and Cray 
the chords vo, ve: then by Cor. 3. Lemma 3. tht 
velocity of the pendulum at u, will be the fame : 
would have been acquired by a body directly falling 
from x tos, and the velocity acquired at v will be 
the ſame as would have been acquired by a bo 
directly falling from x to v; but t thele velocities ar 


2 — 


to one another as Ks to Rv v. by Cor. 2. Lim 
ma 1. and ſince Rv: $V:: v0. 2 and RV: 
RV—SV (As) :: vos: o -V: VL 
V M* (becauſe vL=2vo ad V M==2 bad it follom 
that the velocity of the pendulum acquired in 1 1 


to the velocity acquired 1a v, as 2 VI. vu 


2 


4 vL?*, or as ux to vz. 


The force of gravity that is ſuppoſed invariabt 
acting in the direction of the diameter pv, may N 
repreſented by pv; and may be reſolved into t 
two forces d and vd, whercot the firit pd 


Tall 
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rallel to 7 M the ſtring, ſerves only to ſtretch the 
firing, and does not at all contribute to accelerate 
the motion of the pendulum ; it is only ihe force re- 
preſented by the chord v tha: accelerates the mo- 
tion of it along the curve , and is all employed 
to produce that eff-ct, the direction v Q bin paral. 
lel to the tangent of the cycloid at u, by Prop. II. 
But v M=2 ve, by Prop. III; therefore the force 
that accelerates the pendulum at M, is as the arc of 
the curve V. 


Corol. It is obvious from the demonſtration, that 
the part of the gravity which the ſtring ſuſtains in 
any point u, is to the whole weight of the pendu- 
lum, as the chord p Q to the diameter. 


FN 


Suppoſe that the circle L Zz C is deſcribed by the body 
(x gib an uniform motion, by the velocity acquired by 
th: pendulum in v; and any arc of the cycloid, as Mx, 
eo) / , 73. 2 55 ö 7 E 2m 

wil ve deſcribed by the pendulum, in the ſame time as 
lle arc of the circle x v by that uniform motion : taking 
x, on the ſtreight line v, equa! to vN in the q- 
ont, and drawing Nv parallel to vz, mectins the 
ewple « | 

ii In . 


Let xm be an ordinate very near to x M, and 
draw xy parallel to the diameter L J, meeting xm in 
then, ſinge the triangles x rx and vx M are ſimi- 
u, it follows that x x : M 1 (Sr) :: vx: ux, that 
, as the velocity of the body x to that of the body 
: and conſequently the ſpaces x x and m #z will be 
ecribed in the ſame time by theſe bodies, the times 
being always equal when the ſpaces are taken in the 
anc ratio as the velocities. After the ſame manner, 
other correſponding, parts of the lines MN and 


Q 2 xv 


* 1 
— — — - 
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x y will be deſcribed in the ſame time; and there. 
fore the whole ſpace M N will be deſcribed in the fan; 
time as the arc xy. 


Cor. Therefore the pendulum will oſcillate from 
L to v, in the ſame time as the body x will deſcribe 
the quadrant L Z. 


F 


The lime of a complete oſcillation in the cycloid is ty 
the time in which a body would fall thro” the axis of th: 
cycloid pv, as the circumference of a circle lo it; 
diameter. 


The time in which the ſemi-circumference 1 2 i; 
deſcribed by the body x, 1s to the time in which th: 
radius Lv could be deſcribed with the ſame velocity; 
as the circumference of a circle, to its diameter, 
But the ſame time, in which the ſemi- circumferenc: 
L Zz | is deſcribed by the body x, is equal to the time 
of the complete oſcillation LV in the cycloid, by 
the Corollary of the laſt propoſition, The time in 
which a body falls from o to v, along the chord ov, 
is equal to the time in which LV (=2 O) could be 
deſcribed by the velocity acquired at the point v, by 
Cor. 1. Lem. 1. and Cor. 3. Lem. 3. and the time 0 
the fall throꝰ the chord o v is equal to the time of th: 
fall thro* the diameter pv, by Cor. 4. Lem. 3. con- 
ſequently the time in which L v could be deſcribed by 
a velocity equal to that of the body x, is equal to tht 
time of a fall thro' the diameter pv. It follows 
therefore that the time of the entire oſcillation LV, 
is to the time of a fall thro* the diameter pv; & 
the circumference of a circle, to its diameter. 


Cri, 
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Corol. 1. Hence the oſcillations in the cycloid are 
all performed ia equal times; for they are all in the 
ſame ratio to the time in which a body falls thro' the 
diameter bv. If therefore a pendulum ofcillates in 


| acycloid, the time of the oſcillation in any arc is 


equal to the time of the oſcillation in the greateſt arc 
zvAa, and the time in the leaſt arc is equal to the 


| time in the greateſt. 


Corol. 2. The cycloid may be conſidered as co- 
inGding, in v, with any ſmall arc of a circle deſcribed 
from the centre c; paſling thro' v; and the time in 
2 {mall arc of ſuch a circle will be equal to the time 
in the cycloid 3 and hence is underſtood why the 
times in very little arcs are equal, becauſe theſe little 


arcs may be conſidered as portions of the cycloid as 
well as of the circle. 


C:70l, 3. The time of a complete oſcillation in 
any little arc of a circle, is to the time in which a 
body would fall thro? half the radius; as the circum- 
ference of a circle, to its diameter: and ſince the 
latter time is half the time in which a body would 
fall thro' the whole diameter, or any chord, it fol- 
lows that the time of an oſcillation in any little arc, 
i to the time in which a body would fall thro? its 
chord; as the ſemicircle, to the diameter. 


Suppoſe uV a ſmall arc of the circle deſcribed from 
tie centre e; then the time in the arc xv is ſo far 
from being equal to the time in the chord d v, even 
Wen they are ſuppoſed to be Fanelſcent, that the 
at ratio of theſe times 1s that of the circumference 
0! a circle to four times the diameter: and hence an 
or in ſeveral mechanical writers is to be corrected, 

0, from the equality of the evaneſcent arcs and 


Qt 2 their 


* 
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their chords, too raſhly conclude the time of a fall 
of a body in any of theſe arcs equal to the time of 
the fall of a body in their chords. 


Corel. 4. The times of the oſcillations in cycloids, 
or in {mail arcs of circles, are in a lubduplicate ratio 
of the lengths of the pendulums. For the time of 
the oſcillation in the arc LVP is in a given ratio to 
the time of the fall thro' pv, which time is in the 
ſubduplicate ratio of the ſpace D v, or of its double 
ev the length of the pendulum. 


Corol. 5. But if the bodies that oſcillate be acted 
on by unequal accelerating forces, then the oſcilla- 
tions will be performed in times that are to one ano- 
ther in the ratio compounded of the direct ſubdupli- 
oe: ratio of the lengths of the pendulums, and in. 
verſe ſubduplicate ratio of the accelerating forces: 
becauſe the time of the fall thro' b is in the ſubdu- 
Plicate ratio of the ſpace p V directly and of the force 
of gravity inverſely ; and the time of the oſcillations 
is in a given ratio to that time, Hence it appears, 
that ii oſcillations of unequal pendulums are per- 
formed in the ſame time, the accelerating gravities 
of theſe penduiums muſt be as their lengths; and 
thus we conclude that the force of gravity decreaſes 
as you go towards the equator ; ſince we find that 
the lengchs of pendulums that vibrate ſeconds are al- 
ways Jets at a leſs diſtance from the equator, 


Corel. 6. From this propoſition we learn how to 
know exactly what ſpace a falling body deſcribes in 
any given time: fow finding, by experiment, what 
pendulum ofciliates in that time, the half of the 
length of the pendulum will be to the ſpace required, 
in the duplicate ratio of the diameter to the circum 
terence z becauſe ſpaces dctcribed Ly a ſalling body, 

{rom 
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from the beginning of its motion, are as the ſquares 
of the times in which they are deſcribed ; and the 
ratio of the times, in which theſe ſpaces are deſcribed, 
is that of the diameter to the circumference : and 
thus Mr, Huyzens demonſtrates that falling bodies, 
by their gravity only, deſcribe 15 Paryian feet and 
1 inch in a ſecond of time. 


Schal. That it may be underſtood how the time in 

a ſmall arc is got the fame with that in its chord, tho? 
the cvane hunt arc 18 equal to its chord, we may here 
dem tte, that if vk and x & be two planes touch- 
in arc xv in v and N. Tho' the evaneſcent 
. equal to the ſum of theſe tangents v & 
n the time in the chord is to the time in 


cangents as 4 to 3. 


By Cor. 1. Lem. 3. the time in & is to the time 
in * V as x to N v, or as 1 to 2; but kv being ho- 
rizontal, the motion in & v muſt be uniform, and it 
will be deſcribed by that uniform motion in half the 
time the body falls from x to &: therefore if the time 
in which & is deſcribed uniformly be called T, the 
time in which & & is deſcribed will be 2 T, and the 
time in which the chord x v will be deſcribed will be 
47: and conſequently the time in which a body 
would fall along the two tangents, 1s to the time in 
Which it would deſcribe the chord, as 3 to 4. 
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Gravity demonſirated by analyſis. 


K 


Of the theory of gravity as far as it appears to have 
been known before Sir Iſaac Newton. 


1. ROM experiments and obſervation alone, 
we are enabled to collect the hiſtory of na- 
ture, or deſcribe her phenomena. By the 

principles of geometry and mechanics, we are en- 

abled to carry on the 2a/yſts from the phenomena 
to the powers or cauſes that produce them; and, by 
proceeding with caution, we may be ſatisfied that 
our foundations are well laid, and that the fſuper- 
{ſtructure raiſed upon them is ſecure. The firlt 
views which philoſophers had of nature were no bet- 
ter than thoſe of the vulgar, being the immediate 
ſuggeſtions of ſenſe. But by comparing theſe toge- 
ther, examining the nature of the ſenſes themſelves, 
correcting and aſſiſting them; and by a juſt applica- 
tion of geometrical and mechanical principles, the 

ſcheme of nature ſoon appears very different to 4 

philoſopher f: om that which is preſented to a vu'gar 

eye. At firſt fight, the ſurface of the earth appears 
of an unbounded extent, and of a moſt irregular 
form; while all the reſt of the univerſe, the clouds, 
meteors, moon, ſun, and ſtars of all forts, appear in 
one concave ſurface bent towards the earth. This 
was the opinion concerning the ſyſtem that mol: 

com- 
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commonly prevailed at firſt, while their imagination, 
influenced by ſuch prejudices, made men fancy that 
they ſaw and heard things impoſſible. Thus the 
Roman poet repreſents their army when in Portugal 
the weſtern boundary of the great continent) as 
hearing the ſun enter with a hiſſing noiſe into the 
ocean, 
Audiit herculeo ſtridentem gurgite ſolem. 
Lucan, 


while other travellers have talked of a vaſt cavity in 
the molt remote parts of the ealt, from whence the 
ſun was heard to iſſue every morning with an unſut- 
ferable noiſe. But philoſophers ſoon diſcovered that 
the earth was not of an unbounded extent, but of a 
globular form ; and that the meteors, planets, and 
ars, were not confined to one concave ſurface, but 
diſperſed in ſpace at very different diſtances ; that 
their real magnitudes and motions are very different 
from their apparent ones, and are not to be deduced 
from the appearances in any one place, but from 
views taken from divers points of ſight, compared 
together by geometrical principles. 


2. As our analyſis of the ſyſtem muſt be founded 
upon the real figures, magnitudes and motions, of 
the bodies of which it is compoſed; ſo we ſhall have 
an excellent inſtance of the method of proceeding 
by analy/is and ſyntheſis if we deſcribe in what man- 
ner we are enabled, from the apparent phenomena, 
to deduce an account of the real ; without the know- 
ledge of which our enquiries into the powers or 
cauſes that operate in nature muſt be doubtful or er- 
roneous, The knowledge of the diſpoſition and 
motions of the celeſtial bodies muſt precede a juſt 
enquiry into their cauſes. The former is more ſm-— 
Pie, the latter more arduous ; and the former will 
pre- 
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prepare the way for the latter, and ſerve to make the 
reader acquainted with this method (the only one by 
which certainty can be acquired in this ſcience) in 
eaſy caſes, before he proceed to thoſe of a more 
complicated nature, We ſhall therefore begin with 
the piaineſt and moſt ſimple inſtance of this kind, by 
ſhewing briefiy how, from the phenomena, the true 
figure, magnitude and motions of the earth are de- 
rived; and how, cheſe being eſtabliſhed, innume- 
rable phenomena are deduced by /ynthe/ts, 


3. It is to bt that our knowledge of the diſtant 
parts of the ſyſtem is owing, thoſe objects that are 
very near us falling under the obſervation of the 
other ſenſes only: but this ſenſe, however admirable, 
has its imperfections. Viſion depends upon the pic- 
ture of external objecis formed on the retina, toge- 
ther with a juC;;ment of the underſtanding, acquired 
by habit and experience; which is ſo immediately 
connected with the ſenſe, that it is impoſſible, by an 
act of reflection, to trace it, or, when it is erro— 
neous, ſuddenly to correct it. i viſion depenced 
upon the picture only, then equal pictures upon the 
reting would ſuggeſt ideas of equal magnitudes of 
the objccts; and if the ſmalleſt fly was ſo near aut 
it could cover a diſtant mountain from it, the fly 
ought to appear to us to be equal to the mountain. 
But we have, „ habit, acquired a faculty of com- 
pounding the opinion, or prejudice, formed con- 
cerning the diſtance with the apparent magnitude or 
bulk of the image formed on the retina; and this 
with an inconceivable quickneſs of thought, fo that 
the idea or image we form to ourſelves of its mag- 
nitude is the reſult of both; an allowance being 
made for the greater diſtance, agreeable to the no- 
tion we have conceived of it. Hence it is eaſy to 


ſee how many fallacies in viſion muſt ariſe : for as 
3 we 


PATENT OFFICE 113RARY 


Supplement to Mac Auers. Aovount - . Z. Pg . 2g, 


Chap. 1. Pr1LosopHIcal DiscoveRres, 235 


we may be often miſtaken in our notion of diſtance, 
ſo every ſuch miſtake muſt produce a correſponding 
error in our idea of the magnitude of the object. 
Beli es, in many caſes, this notion of diſtance ariſes 
without reflexion, from the force of habit ; and we 
fnd the effect of it takes place even after the under- 
ſanding is better informed, and the judgment cor- 
rected, Thus the moon continues to appear bigger 
to us at the horizon than at the meridian, even after 
it has been demonſtrated to us that her diftance is 
then greater, ſo that ſhe ought really to appear leſs. 
Becauie according to Kepler's obſervation ) the 
heavens appear to us, not in an hemiſpherical dome, 
but as a ſegment of a ſphere leſs than the hemiſphere, 
we have been accuſtomed to aſcribe a greater real 
magnitude to objects ſcen at a great diſtance along 
the horizon, than to thoſe of an equal apparent mag- 
nitude (or that have equal images on the retina) ſeen 
at a conſiderable elevation about it; and hence he 
Ingeniouſly accounts for the moon's appearing bigger 
to us at the horizon than at the meridian. But after 
ve are better informed, and know that the apparent 
122nitude of the moon is leſs at the horizon in the 
ame proportion as the diſtance is greater, we con- 
inue to make an allowance not on this account on- 
y, but a much greater than this requires, from the 
reat influence of habit and cuſtom *; the effect of 
hich on the mind and its operations is a ſubject that 
yell deſerves the particular attention of philoſophers, 


Perhaps the concave ſurface of the heavens appears to us 
5 2 portion leſs than a hemiſphere, becauſe we have been al- 
ys accuſtomed to ſee greater diſtances along the horizon than 
| the vertical line towards the zenith. But whatever the rea- 
n of this appearance (ſuppoſing it true) may be, it would ſeem 
at an habitual way of thinking to the contrary ought to have 
me effect; and ſome obſerve that the moon never appears to 
em ſo large at the horizon, as it did formerly when they were 
dung and unacquainted with her motions, 

but 
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but is improper to be inſiſted on in this place, jeg 
we ſhould ſeem to mix, without neceſſity, what is 
obſcure and uncertain with what is clear and ſatiſ. 
factory. For the anal iſis we are to deſcribe, depends 
not on any diſputed principles, but on thoſe of prac. 
tical geometry applied to the heavens. 


4. Experience has taught us ſeveral ways of form- 
ing a judgment concerning the diſtances of objects, 
when they are not very remote from us; as by the 
different diſpoſition of our eyes when we look at a 
near object with both; it being manifeſt that when 
the object is near, the eyes mutt be turned mare 
towards each other, in order that they may be di- 
rected towards the ſame point of it, than when it is 
at a greater diſtance, * We ſoon learn from expe- 
rience, likewiſe, that when the object is very near, 
the image is obſcure and confuſed, and we are obliged 
to ſtrain the eye to render it tolerably diſtinct. The 
image is alſo found to be more luminous and bright 
when the object is near than when it is remote. But 
the molt uſual way of eſtimating the diſtance is from 
the intervening objects; or, when the object itſelf is 
of a kind with which we are wel! acquainted, by the 
bulk its image bears in the picture upon the relina. 
By theſe, and perhaps other methods, we are enabled 
to form ſome judgment of the diſtance of near ob- 


jets . But when they are very remote, and no 
objects 


* A learned author, of a diſtinguiſhed character, begins an 
ingenious treatiſe upon this ſubject, by obſerving, ** it is. I 
think, agreed by all, that diſtance, of itſeif and immediately, 
cannot be ſcen. For diſtance being a line directed endwiſe 
to the eye, it projects only one point in the fund of the eye, 
« which point remains invariably the ſame, whether the diſ- 
* tance be longer or ſhorter.” The diſtance here ſpoken of, is 
diſtance from tue cye ; and what 15 ſaid of it is not to be ap- 
plied to dillance in general. The apparent diſtance of two ſtars 

1s 
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objects intervene, as is the caſe of the celeſtial bodies, 
theſe methods fail us, the ſenſe is at a loſs in com- 
paring their diſtances together, and is unable to de- 
termine which are greater or Jeſs, without the aid of 
geometry, or ſome equivalent art. In ſuch caſes, 
therefore, the objects are all referred by the ſenſe to 
one concave ſurface. Thus the clouds, meteors, 
planets, and ſtars of all kinds, appear to the ſenſe in 
one concave ſurface of heaven, tho* there be the 
greateſt variety in their real diſtances, It is in theſe 
caſes that practical geometry brings us its neceſſary 
and ſure aid. By it we ſoon find that the clouds are 
not only nearer us than the celeſtial bodies, which 
they often cover from us, but that their diſtance is 
only of a few miles; a ſmall change of the place 
producing a great change in their poſition with re- 
tpcct to us, while thoſe that are ſeen by us at one 
place are different in poſition from thoſe that are 
een at the-ſame time in places remote from it. We 
ſoon perceive that the moon is at a valtly greater diſ- 
tance; becauſe ſhe is ſcen over one half of the earth 
at once, and nearly in the ſame direction, or in the 
lame ſituation among the fixed ſtars. We eaſily 
learn that the moon is at a leſs diſtance from us than 
tne fun, becauſe by coming between us and the ſun 
the produces the ſolar eclipſes; and that Venus and 


capable of the ſame varieties as any other quantity or mag- 
nitude, Viſible magnitudes conſiſt of parts into which they may 
ve relolved as well as tangible magnitudes, and the proportions 
of the former may be aſſigned as well as of the latter; ſo that 
this author goes too far, when he tells us that viſible magnitudes 
are to be no more accoun ed the ot ject of geometry than words; 
and when he concludes of diſtance in general, what had only 
been ſhewn of diſtance directed © end-wile to the eve ;”” and 
pretends ©* to demonſtrate that the ideas of ſpace, outucts, and 
© things placed at a diltance, are not, (Ir;Qly (peaking, the ob- 
Ject of light ; aud are not otherwite pecce. ved by the cye than 
** by the ear.” 


3 Mer- 
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Mercury are nearer to us in their inferior conjune. 
tions than the ſun, becauſe they are then ſeen as dat 
ſpots upon his diſk. If our inſtruments were abſq. 
Jutely perfect, and our obſervations could be mad: 
with the utmoſt accuracy, then each celeſtial boy 
might have its diſtance preciſely a{certained, an; 
the whole diſpoſition of the ſyſtem might be exactly 
known. But this ſubject being of the utmoſt im. 
portance in our preſent analyſis, it delcrves ſome far- 


ther illuſtration. 


5. Let a and c (Plate III. Fig. 50.) repreſent tuo 
ſpectators, or two different ſtations of the ſame ſpec. 
tator, Þ the object or phænomenon whole diſtance 
is required. This object appears to the ſpectator at 
A in the right line Apr, and to the ſpectator at « 
in the right line E; the angle contained by which, 
Abc, ſhews how much the poſition of the object p 
varies with reſpect to the two ſpectators. When this 
angle is great, the diſtance a Þ bears not a great 
proportion to A c; but when this angle is very ſmal, 
as when the object is removed from p to E, then its 
diſtance from a muſt be much greater than a c the 
dittance of the two ſpectators or ſtations z becauſe 
AC 1s always to A b, as the (ine of the angle a pc 
to the ſine of acp, by common trigonometry. 
Thus when ac conſiſts of ſome miles, and p repre- 
ſents a cloud, the angle apc is found to be con- 
derable ; and thence we learn that its diſtance is not 
very great. If Epe repreſent the right line in which 
the ſun ſhines, then e will repreſent the ſhadow of 
the cloud upon the plane ac ; and the proportion 0i 
AD to AC may be determined by obſervations tak 
from one ſtation a. Bur tho? the right line à c con- 
ſiſt of hundreds of miles, if u repreſent the moon, 
it is found that the angle a H e is exceeding ſmai!; 


and thence we conclude, that the diſtance of the 
; moon 
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moon is not to be expreſſed but by a great number 
of miles. 


6. Let o (Fig. 51.) repreſent the centre of the 
earth, A a place upon its ſurface, c a e the vertical 
| line of this place, 4 any object or phænomenon in 
the zenith; ADF a tangent to the ſurface of the 
| earth at A, the ſenſible horizon at that place. Then 
the object d being ſuppoſed to project upon the fixed 
ſtar e, when in the vertical line, to a ſpectator at A 
as well as at o, it will be otherwiſe when the object 
4 comes to the horizon at Dp, For tho' the centre 
e, the object Þ and the ſtar E (abſtracting from their 
proper motions) be ſtill in a ſtrait line, yet p and E 
are no longer in a right line with A the place of the 
ſpectator; but while p appears to be {er at x, the 
ſtar appears ſtill elevated above the horizon by the 
arc E F, which meaſures the angle EDF, or A De; 
the fine of which is to the radius, as c a the ſemi- 
diameter of the earth is to cp the diſtance of the 
object from the centre of the earth. This angle 
ADC is what is called the horizontal parallax of the 
object or phænomenon, and ſhews under what angle 
the ſemidiameter of the earth ca would appear if 
viewed at the diſtance of the object cv. And to 
find this horizontal parallax of any object, is no more 
than to determine how great (or under how many 
mutes and ſeconds) the ſemidiameter of the earth 
would appear viewed at that object. Suppoſe any 
number of objects in the right line AF, as p, c, H; 
and ſpectators at each of theſe viewing the ſemi- 
chameter of the earth ca; it will appear to them 
unter the reſpective angles DA, c A, CHA, which 
ire the reſpective parallaxes of thoſe objects, and 
which gradually decreaſe as their diſtances increaſe, 
Wie diſcover therefore the diſtances of thoſe objects 
determining what appearance, as to bulk or ap- 
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parent magnitude, the earth's ſemidiameter makes 
at thoſe objects: and it is obvious that this method 
is well founded, it being manifeſt, that the diſtance; 
at which the earth appears great to a ſpectator mul: 
be leſs, and that thoſe diſtances at which the earth 
appears [mall to him mult be greater. Thus to 
ſpectator carried to a few hundred miles diſtance 
only, the earth would appear very large; to a ſpec. 
tator at the moon, the ſemidiameter of it would ap- 
pear under an angle leſs than a degree; to a ſpecta. 
tor at Venus, of much about the ſame bigneſs a; 
Venus appears to us; and to a ſpectator as remote a 
Jupiter or Saturn it would hardly be viſible at all, 
unleſs his ſenſe was more acute than ours, or aſſiſted 
by art. And as, when the proportion of the diſtance 
of the ſpectator from the centre of the earth to it; 
ſemidiamceter is known, it is eaſily aſcertained how 
great an appearance the earth will make to that ſpec- 
rator ; ſo converſely, when this appearance is de- 
termined, it is eaſy to aſſign the ſpectator's diſtance 
from it. 


In this manner, menſuration is carried from 
the earth to the heavens; and the diſtances of the 
celeſtial bodies compared with ſemidiameters of the 
earth, and with one another. For the further 1!- 
luſtration of what is of ſuch importance in aſtrono- 
my, a ſcience that affords us ſo noble and extenſive 
views of nature, let us imagine a ſpectator at a view- 
ing the immenſe expanſe around him, while a right 
line Þ L, perpendicular to a b and equal to the ſemi- 
diameter of the earth, moves off on the right line 
Ar from the leaſt to the greateſt diſtances ; then the 
parallax belonging to any diſtance is nothing elſe than 
the angle which the ſemidiameter of the earth at that 
diſtance ſubtends to the ſpectator at a. Thus the 


parallaxes belonging to the {ſeveral diſtances a b, 40, 
AH, 
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an, Sc. are the reſpective angles dar, G A mM, 
A N, Sc; which meaſure the apparent magnitude 
of the ſemidiameter of the earth viewed, at thoſe 
diſtances, by a ſpectator at a. While we ſuppoſe 
this ſemidiameter to be carried off in infinitum, theſe 
apparent magnitudes gradually decreaſe, nearly in 
the ſame proportion as the viſtance increaſes. The 
parallaxes decreaſe in the ſame manner; and a ſcale 
of the one affords us a ſcale of the other, It is ob- 
vious, that, from the moment any object departs 
from the vertical line, it appears to a ſpectator at 4 
depreſſed towards the horizon, and is the more de- 
preſſed in proportion as it is nearer to him. The 
true place of the object p is at x, where it would be 
ſeen from the centre c; but its apparent place to a 
ſpectator at A is at F, and its depreſſion or parallax 
is meaſured by the arc Er, or by the angle ED 
equal to Dc, Now in order to find this depreſ- 
ſion, it is ſufficient to make uſe of the fixed ſtar E, 
which has no ſenſible parallax, and was ſuppoſed to 
be in conjunction with the object in the vertical line 
ade; for the depreſſion of the object p below the 
ſtar x, viewed from a, gives the parallax. By pro- 
ceſſes of this kind, it is found, from aſtronomical 
oolervations, that the mean diſtance of the moon 
from the centre of the earth, is about 60 ſemidia- 
meters of the earth. 


$8. The figure of a body is more eaſily known 
when we are able to view it from great diſtances than 
rom very ſmall ones; becauſe when it is at a great 
ſtance, the eye takes in a conſiderable portion of 
t in one view, from which the figure of the whole 
8 more eaſily collected: whereas when it is viewed 
a a ſmall diſtance, ſmall irregularities on its ſurface 

ve too great an effect upon the ſenſe, and are apt 
to miſlead us in our judgment concerning the whole, 


It 
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guiſhed rays. At ſuch diſtances its figure could ny 
be diſcerned by ſenſe, unleſs it was aſſiſted by a tele. 
ſcope or ſome equivalent inftrument. 


10. The ocean, which covers a great part of th: 
ſurface of the earth, is more accurately globular thar 
the ſolid parts; and it is manifeſt that this ariſes from 
the gravitation of its parts towards the earth, acting 
in right lines perpendicular to its ſurface, For if i 
direction formed an acute angle with the ſurface, the 
fluid water would neceſſarily move towards that ſide 
and could not be in æquilibrio till the direction «i 
gravity became perpendicular to the ſurface ever 
where, ſo as to give no inclination to the fluid to 
move towards either ſide. The perpendiculars to: 
ſpherical ſurface meet all in the centre of the ſphere, 
Therefore, ſince the earth is nearly a ſphere, the d. 
rection of the gravity is nearly towards it centre; 
not as if there was really any virtue or charm in the 
point called the centre, by which it attracted bodies 
but becauſe this is the reſult of the gravitation d 
bodies towards all the parts of which the earth con 
ſiſts; as will appear more fully afterwards, The 
direction of gravity is not any one fixed or deter: 
mined one, as the vulgar are apt to imagine; nor | 
there any occaſion for pillars or inſtruments of any 
kind to ſupport the earth; that direction being al 
ways downwards which 1s towards the centre, or (t0 
ſpeak more accurately) which is perpendicular to tit 
fluid ſurface or level, on the concave ſide ; and th 
direction being upwards which lies in a perpendiculat 
to the ſurface on the convex ſide, Was the earth 
all Quid, all the ſurface would be on one level, and 
no one part would have a pre-eminence above the 
reſt in this reſpect; and bodies would be ſuſtained 
by the earth equally round all its ſurface with equal 


firmneſs and ſecurity. Thus there is no difficult 
in 
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in conceiving that there are Aniipodes ; and it appears 
equally abſurd that bodies ſhould fall off from any 
other part of the earth, as that they ſhould riſe here 
into the air. 


11, This principle of gravity extends to all bodies 
around the earth. For the gravity of the air being 
eſtabliſhed beyond all diſpute, by the celebrated ex- 

eriments of Galileo and Torricelli, and many others 
of the ſame kind, 1t eaſily appears that all terreſtrial 
bodies whatſoever are heavy, or gravitate towards 
the earth; and that the apparent levity of ſome of 
them proceeds only from the greater gravity of the 
ambient air, which makes them riſe upwards, for the 
ſame reaſon that cork riſes in water, and lead in 
quick-filver ; or from their being carried off by ſome 
medium entangled in its parts. The gravity of ter- 
reſtrial bodies muſt the rather be allowed to be uni- 
verſal, becauſe, by the moſt accurate experiments, 
it is always found to obſerve the ſame proportion as 
their quantities of matter; and not to depend on the 
figure or bulk of bodies, or the contexture of their 
parts, but always to meaſure their quantity of mat- 


er, and to be meaſured by it only, abſtracting from 
am dhe influence of the medium in which they ſwim, 
For gravity always generates the ſame velocity, in 


bodies of all ſorts, in the ſame time; and therefore 
muſt a& equally on equal portions of matter, and 
on 4 greater portion with a force proportionally 
greater. The direction of this power is nearly 
towards the centre of the earth; for, at preſent, we 
abſtract from the variation of its figure from that of 
perfect ſphere, ariſing from its motion on its axis. 
The force of this power 1s ſuch, that it carries all 
bodies downwards about 1 52 feet, of Paris mea- 
lire, in a ſecond of time. This is the reſult of ac- 
rate experiments; every body would fall juſt fo 
R 3 much 
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much if it deſcended freely in the plump: line, or 
perpendicular to the horizon, and met with no re. 
ſiſtance from the air or ambient medium. When 2 
body is projected in a right line that is not perpendi. 
cular to the horizon, it moves in a curve, but ſo as 
to fall always below the point in the line of projec- 
tion which is directly over it, as much as it would 
have fallen by deſcending freely in the perpendicular 
in the ſame time; provided we ſuppoſe gravity to 
act in parallel lines, as was uſual before Sir Iſa 
Newton found it neceſſary to conſider this ſubject 
more accurately, and which may be admitted, with- 
out any ſenſible error, in ſuch motions as our engines 
arc able to produce, 


12, The globular figure of the earth, with the 
direction and force of gravity, being diſcovered by 
this analyſts, a great variety of phænomena may be 
thence deduced by the Synthetic method. The whole 
doctrine of the ſphere may be explained from the 
figure of the earth, either in the Pythagorean or Pte- 
lemaic ſyſtem. As the ſun appears to go round the 
whole circle of 360 degrees in 24 hours, ſo in one 
hour he appears to deſcribe 1 5 degrees, and one de- 
gree in 4 minutes of time, on the equator or its pa- 
rallels. Hence the diſtance of meridians at two 
places, meaſured upon the equator, or their diffe- 
rence of longitude, being known, it is eaſy to com- 
pute how much the hours at one place precede the 
ſame hours at the other, by allowing 4 minutes of 
time for each degree of that diſtance ; and converſe- 
ly, the difference of time being given, the difference 
of longitude is compured by allowing one degree 
for each 4 minutes of time, and proportionally in 
greater or leſſer differences. And it is obvious that 
the hours of the day, which are ſucceſſive in any one 


place, are co-exiſtent when you take in the whole 
globe; 
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globe; ſo that no hour of the day can be aſſigned, 
but a meridian can be likewiſe aſſigned where it is 
that hour at this preſent time. The ſenſible horizon 
of any place is a plane perpendicular to the plumb- 
line at that place, and tangent to the earth's ſurface 
there, The rational horizon is a plane thro' the 
earth's centre paralle] to this, whoſe poles are the 
2enith and nadir, in the ſame manner as the north 
and ſouth poles of the world are the poles of the 
equator, The particular phænomena of places de- 
pend upon the poſition of their horizon with reſpect 
to the circles of the apparent diurnal motion of the 
ſun and ſtars. The horizon of a place at the equa- 
tor paſſes thro* the poles, and divides equally the 
equator and its parallels. Hence the days and 
nights are always equal in ſuch places, and each of 
the ſtars performs one half of its revolution above 
their horizon, and the other half under it. The 
circles of diurnal motion are all perpendicular to 
their horizon, and therefore they are ſaid to be in a 
rioht ſphere. When the ſun moves in the equator, 
he riſes directly from their horizon to their zenith, 
and then deſcends directly to their horizon again; in 
other caſes, after riſing perpendicularly, he ſlopes 
away in his parallel towards the north or ſouth fide 
of their zenith, according to the ſeaſon of the year; 
which muſt be a conſiderable relief to them, as the 
heat muſt thereby be abated. At the poles, their 
horizon coincides with the equator; ſo that the 
northern celeſtial hemiſphere muſt be always in view 
of the northern pole, being above their horizon, 
While no part of the ſouthern hemiſphere is viſible to 
nem, being always beneath it. The circles of the 
curnal motion being parallel to the æquator, and 
conſequently to their horizon, the fun and ſtars ap- 
pear to thein to move in parallels to their horizon; 
tae fixed ſtars never riſe nor ſer, and the ſun riſes at 

R 4 | the 


248 Sir Isaac NewTon's Bock III. 


the vernal equinox and ſets at the autumnal ; ſo that 
they have day for one half year and night for the 
other. They are ſaid to be under a parallel ſphere, 
In intermediate places, the circles of the diurnal mo- 
tion are oblique to their horizon; one pole is always 
elevated above it by an arc equal to the latitude of 
the place, and the other pole is depreſſed under it by 
an equal arc, All the ſtars whoſe diſtance from the 
elevated pole exceeds not the latitude of the place 
are conſtantly above their horizon; and thoſe within 
the ſame diſtance of the other pole are depreſſed un. 
der it, and are never viſible to them. The equator 
and horizon being great circles divide each other 
equally, whence the days and nights are equal every 
where when the ſun deſcribes the celeſtial equator. 
But when the ſun is on the ſame ſide with the ele- 
vated pole, a greater portion of his parallel is above 
the horizon than under it, and therefore the days are 
longer than the nights: and when the ſun is on the 
other ſide of the equator, a greater portion of his 

diurnal parallel is below the horizon than above it; 
and conſequently the nights are longer than the days. 
Theſe are ſaid to be under an oblique ſphere. In al! 
thoſe different places, the time in which they have 
day (that is, when the centre of the ſun is above the 
horizon) is equal to the time in which they have 
night, or when the centre of the ſun is beneath their 
horizon, taking the whole year together; abſtracting 
from the effects of refraction and the elliptic figure 
of the carth's orbit, which are not conſidered in the 
doctrine of the ſphere. But theſe equal times are 
diſtributed with a good deal of variety. At the 
equator they have 12 hours day and 12 hours night, 
perpetually ſucceeding each other. At the poles 
they have their day all at once and their night at 
once, each of half a year, In intermediate places, 
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the length of their days at one ſeaſon is compenſated 
by the length of the nights at. another, Within the 
polar circles, they have the ſun continually for ſome 
days, or weeks, circulating above their horizon ; 
but, in the oppoſite ſeaſon of the yeaf, he continues 
as long beneath their horizon; and thus the equality 
of the times of day and night is preſerved, when 
we abſtract from the ſun's having a ſenſible dia- 
meter, from the effects of refraction and twilight, 
and the elliptic figure of the earth's orbit; but, in 
conſequence of theſe, the time in which they have 
day conſiderably exceeds what is commonly called 
night, particularly in the northern hemiſphere. The 
amplitude of the ſun, or his range upon the horizon, 


from the ſame principles. It is leaſt at the equator, 
amounting there to 239 29 on each ſide, towards 
the north and ſouth of the eaſt and weſt points. In 
the latitude of 36 it amounts to above 45°, on 
each ſide of the ſame points; and the arc between 
the moſt northern and ſouthern points where he riſes, 
and ſets, is above a quadrant. At the polar circles, 
his range on the horizon is the whole ſemicircle from 
north to ſouth, A circle perpendicular to the meri- 
dan and horizon is called the prime vertical, and, 
being a great circle, it cuts the equator equally, and 
all places that are under it bear due eaſt or weſt from 
us; whence many of the geographical paradoxes are 
explained. The art of dialling is deduced from the 
ſame principles. The moſt ſimple kind of dial is 
an equinoCtial one, where the ſhadow is received 
upon a plane parallel to the circles of the fun's diur- 
nal motion, and is projected by a ſtylus, or right 
ine, perpendicular to thoſe planes. Becauſe the ſun 
moves over equal arcs on its parallel in equal times, 
the motion of the ſhadow in this dial muſt likewiſe 
be uniform, ſo that the intervals between the hours 
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muſt be equal; which is therefore made by dividing 
a circle into 24 equal parts, The conſtruction of 
other dials is eaſily deduced from this: but our de. 
ſign obliges us to mention theſe things very briefly, 
We have a remarkable inſtance of the beauty of 
truth when we obſerve what a variety of phænomena 
ariſe from ſo few ſimple principles as the ſpherical 
figure of the earth, its diurnal motion, and the obli- 
quity of its axis, as we take a "__ of the earth 
from the torrid to the frigid zone, or from the equa- 
tor to the poles, and attend to the phænomena of 
heat and cold, as well as of thoſe of day and night, 
and of the apparent motions of the ſtars. A diver. 
ſity of phznomena ſo very great, ariſing from two 
principles of fo ſimple a nature, affords a curious 
ſpeculation to the underſtanding, as well as a pleaſing 
entertainment to the imagination, and ſerves to ſug- 
geſt the admirable fertility of which nature is eapable 
in its productions; inſomuch that upon one globe 
we have ſome image or repreſentation, in the cli- 
mates from the equator to the poles, of that great 
variety that we may ſuppoſe to take place in the 
ſolar ſyſtem, from Mercury, the neareſt and hotteſt, 
to Saturn, the remoteit and coldeſt of all the 


planets, 


13. Tho' the doctrine of the ſphere may be ex- 
plained from the Ptolemaic, as well as from the 
Pythagorean or Copernican ſyſtem, by ſuppoſing the 
primum mobile to penetrate the whole univerſe (the 
earth and its appendicles only excepted) and to carry 
every thing round the earth's axis every day; yet 
this hypotheſis, to every thinking perſon who has 
not devoted his judgment entirely to the prejudices 
of ſenſe or dictates of ſuperſtition, appears ſo very 
abſurd, that it is now almoſt univerſally exploded. 


The motions of the comets, performed with ſo _ 
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freedom in the celeſtial ſpaces, ſhew us that the ſolid 
orbs are imaginary, and that there can be no ſuch 
univerſal mover that carries all the univerſe along 
with it : nor 1s there any axis upon which this im- 
menſe machine can be ſuppoſed to turn. The pro- 
digious velocity, which, according to this doctrine, 
muſt be aſcribed to the remote fixed ſtars, cannot 
but ſhock thoſe that have any juſt notion of the vaſt 
extent of the univerſe. The aſcribing ſo extraordi- 
nary a pre-eminence to the earth, to which it appears 
to have no title, argues a partiality unworthy of phi- 
loſophers z eſpecially ſince we fee that moſt of the 
other bodies of the ſyſtem, even the ſun himſelf, 
turn round upon their axes, which would induce us, 
if we were upon the ſurface of any of them, to 
aſcribe the ſame pre-eminence to that one, and to 
place it in the centre of the whole. But beſides theſe 
and other conſiderations, the retardation of pendu- 
lums carried to the equator, with the increaſe of the 
degrees of the meridian from thence to the poles, are 
obſervations that demonſtrate a centrifugal force, 
greateſt at the equator, and gradually diminiſhing 
towards either pole, where it vaniſhes. Now this 
centrifugal force is an evident proof of the diurnal 
rotation of the earth upon its axis; therefore, in 
treating of the celeſtial motions, we ſhall entirely 
abſtract from the apparent diurnal motions of the 
planets, as pertaining to the earth only : and thus 
our analyſis of the cauſes that produce the celeſtial 
motions is founded on the real ſtate of things, and 
not on fallacious appearances. 


14. The doctrine of the ſphere is eaſily deduced 
from theſe true motions. One half of the earth is 
luminated by the ſun at all times, and the other 
half always deprived of his light. The boundary 
of light and darkneſs is a great circle of the — 
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It is day at any place while it revolves in the illumi. 
nated part, but night while it moves in the part that 
is hid from the ſun's rays. The diurnal motion is 
from weſt to eaſt, and the ſua riſes to any place 
when it arrives at the boundary of light and dark. 
neſs on the weſt fide, and ſets when it arrives at the 
ſame boundary on the eaſt. The point where a right 
line joining the centres of the ſun and earth cuts the 
ſurface of the carth, is that which has the ſun in the 
vertex or zenith, and is the pole or middle point of 
the illuminated diſk. The circle deſcribed by the 
earth's annual motion, or the ſun's apparent mo. 
tion, 1s the ecliptic ; and, becauſe the axis of the 
earth is oblique to the plane of this circle, it cuts the 
equator (in an angle of 23* 29), and the two 

ints of interſection are called the equinoctial points; 
in which the ſun appears when the axis of the earth 
is perpendicular to the right line drawn from its cen- 
tre to the centre of the ſun. Thoſe are called the 


former, and where the ſun appears when he declines 
moſt towards the poles. The equator being a great 
circle, ſo as to be equally divided by the boundary 
of light and darkneſs, the day therefore at the equa- 
tor is always equal to the night. It is obvious that 
when the ſun appears on the north ſide of the equa- 
tor, the northern pole muſt be in the illumined hemi- 
ſphere ; ſo that it muſt be day there from the vernal 
to the autumnal equinox, but that they muſt be de- 
prived of the ſun's light from the autumnal to the 
vernal equinox; and that it is the contrary at the 
ſouth pole. In any place that is on the ſame fide of 
the equator with that which has the ſun in the zenith, 
a greater part of the parallel to the equator deſcribed 
by that place muſt be in the illuminated hemiſphere 
than in the other; ſo that the day muſt be longer 


than the night: but it is the contrary when the place 
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is on the Oppoſite ſide of the equator, and then the 
night muſt be longer than the day, In the ſame 
manner, all the other phænomena of the doctrine of 
the ſphere may be deduced from the true motions in 
the ſyſtem. 


1;. We have given a ſummary account of what 
was known concerning the gravity of terreſtrial bo- 
dies, before Sir Iſaac Newton. As the figure of the 
earth is owing to this principle; ſo, as Copernicus 
very juſtly obſerved “, it is highly reaſonable to ſup- 
poſe that by a like principle, diffuſed from the ſun 
and planets, their figures are preſerved in their va- 
rious motions. Various attempts and ſchemes have 
been propoſed, for explaining the nature of this 
power and its cauſe; but all have proved unſucceſſ- 
ful. Des Cartes deduced it from the centrifugal 
force of his ſubtile matter revolving on the axis of 
the earth; but this account has been already re- 
futed +, Others conſidered it as a fort of mag- 
netiſm ; but the powers of gravity and magnetiſm 
differ widely in moſt eſſential circumſtances. Others 
derived it from the preſſure of the atmoſphere ; al- 
tho' the air is ſo far from producing gravity, that it 
conſtantly ſubducts from the weight of bodies. But 
all we want to conclude here, is, that this power 
extends univerſally to all forts of ſenſible bodies, at 
or near the earth's ſurface z and that it has theſe two 
remarkable properties ; firſt, that it is proportional 
to the quantity of matter in bodies; ſecondly, that 
it acts inceſſantly or continually, and with the ſame 
force upon a body that is already in motion as upon 
a body that is at reſt. The laſt property appears 
from hence, that it produces equal accelerations in 


* See Book I. Chap. 3. $ 2. 
+ See Book I. Chap. 4. $ 4. a 
| I falling 
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falling bodies in equal times, Both theſe properties 
diſtinguiſh it from ſuch cauſes as are wholly mecha. 
nical z which either act in proportion to the ſurface 
or to the bulk of bodies, and produce a leſs accele. 
ration in a body that is already in motion, in the 
direction in which the cauſe acts, than upon a bod 
at reſt, in the ſame time. Woe here obſerve theſe 
things concerning gravity, not with a view to deter. 
mine any thing concerning its cauſe, but only to 
pave the way for what follows concerning the uni. 
verſality of this principle. 


HAP. H. 


The moon is a heavy body, and gravitates towards tht 
earth in the ſame manner as terreſtrial bodies, 


1. OIR Tſaac Newton conſidering that the power 
of gravity acts equally on all matter on the 

ſurface of the earth or near it, that it is not ſenſibly 
leſs on the tops of the higheſt mountains, that it af- 
fects the air and reaches upward to the utmoſt limits 
of the atmoſphere, and that it cannot be owing to 
the influence of any ſenſible terreſtrial matter; he 
could not believe that it broke off abruptly, but was 
induced, on theſe grounds, to think it might be 2 
more general principle, and extend to the heavens; 
ſo as to affect the moon at leaſt, which is by much 
the neareſt to us of all the bodies in the ſyſtem. The 
abſurdity of thoſe who had taught that the heavenly 
bodies were made of ſome inexplicable ſubſtance, 
eſſentially different from that of our earth, had fut- 
ficiently appeared from modern diſcoveries : the ph: 
loſophers no longer made that diſtinction, which 
had been founded on ſuperſtition and vulgar preju- 
dices only. The earth was allowed to be of the 
number 
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number of the planets, and the planets were conſi- 
dered as like our earth. To complete this reſem- 
blance, our author has ſhewn that they conſiſt of 
the ame heavy gravitating ſubſtance of which the 
earth is formed, | 


2. The effects of the power of gravity upon ter- 
reſtrial bodies may be reduced to three claſſes : Firſt, 
in conſequence of it, a body at reſt, ſupported by 
the ground, or ſuſpended by a ſtring or line of any 
kind, or that is any way kept from falling, endea- 
vours, however, always to move; and in ſuch caſes, 
its gravity is meaſured by the preſſure of the quieſ- 
| cent body upon the obſtacle that hinders its motion, 
S:condly, when a body deſcends in the vertical or 
plumb-line, ics motion is continually accelerated, in 
conſequence of the power of gravity's acting inceſ- 
lantly upon it; or if it be projected upwards in the 
ſame right line, its motion 1s continually retarded, 
in conſequence of the ſame power's acting inceſſant- 
ly upon it with a contrary direction : and, in ſuch 
cas, the force of gravity is meaſured by the acce- 
eration or retardation of the motion produced in a 
given time, by the power continued uniformly for 
that time: but if the body deſcend or aſcend along 
an inclined plane, or move in a reſiſting medium, 
then, in meaſuring this power, due regard muſt be 
had to the principles of mechanics deſcribed in the 
preceding book. Thirdly, when a body is projected 
n any direction different from the vertical line, the 
Irection of its motion is continually varied, and a 
ce, Nerve line is deſcribed, in conſequence of the inceſ- 
ant action of the power of gravity, which in ſuch 
alcs is meaſured by the flexure or curvature of the 
ne deſcribed by it; for the power is always the 
preater, c@teris paribus, the more it bends the way 
the er courſe of the body from the tangent or direction 
in 


_ . — —  — — — A or ——— 


256 Sir Isa Ac NewTon's Book Ill 


in which it was projected. Effects of the power o 
gravity, of each kind, fall under our conſtant ch. 
ſervation, near the ſurface of the earth; for the ſame 
power which renders bodies heavy while they are à 
reſt, accelerates them when they deſcend perpendi. 
cularly, and bends their motion into a curve line 
when they are projected in any other direction than 
that of their gravity. But we have acceſs to judge 
of the powers that act on the celeſtial bodies by the 
effects of the laſt kind only: we ſee bodies near the 
earth falling towards it; but this is a proof of the 
moon's gravity that cannot be had, till the preſent 
ſtate of things comes to its diflolution, When x 
body is projected in the air, we do not ſee it fall in 
the perpendicular towards the earth, but we ſee it 
falling every moment from the tangent to the cure, 
that is, from the direction in which it would hae 
moved if its gravity had not acted for that moment, 
And this proof we have of the moon's gravity : for 
tho? we do not ſee her falling directly towards the 
earth in a right line, yet we obſerve her deſcending 
every moment towards the earth from the right line 
which was the direction of her motion at the begin- 
ning of that moment; and this is no leſs evidently: 
proof of her being acted upon by gravity, or ſom: 

er like to it, than her rectilineal deſcent would 
be was ſhe allowed to fall freely towards the earth. 


3. If we had engines of a ſufficient force, bodies 
might be projected from them ſo as not only to be 
carried a vaſt way without falling to the earth, but ſo 
as to move over a quarter of a great circle of it, a 
(abſtracting from the effects of the air's reſiſtance) 
ſo as to move round the whole earth without touch- 
ing it, and, after returning to their firſt place, com- 
mence a new revolution with the ſame force the) 


firſt received from the engine, and after that a — 
| an 
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and thus revolve as a noon or ſatellite round the 
earth for ever. If this could be effected near the 
earth's ſurface it might be done higher in the air or 
even as high as the moon, could the engine, or an 
equivalent power, be carricd up and made to act 
there. By increaſing the force of the power, a body 
proportionally larger miglit be thus projetted : and, 
by a power ſufficiently great, a heavy body not inſe- 
rior to the moon might be put in motion at firit ; 
which, being perpetually reſtrained by its gravity 
from going off in a right line, might revolve for 
ever about the earth, Thus Sir Iſaac Nerton ſaw 
that the curvilineal motion of the moon in her orbit, 
and of any projectile at the ſurface of the earth, 
were phenomena of the ſame kind, and might be 
explaincd from the fame principle extended from the 


J earth ſo as to reach the moon; and that the moon 
t, was only a greater projectile that receive its mo- 
ron, in the beginning of things, from the Almighty 


Author of the univerie. 


2. But, to make this perfectly evident, it was 


n- WW neccſſary to ſhew that the powers which ack on the 
aioon, and on projectiles near the earth, and bend 
me their motions into a curve line, were directed to the 


lime centre, and agreed in the quantity. of their force 
3 well as in their direction. All we know of force 
fclates to its direction or quantity, and a conſtant co- 
incidence and agreement in theſe two refpe'ts is ſut- 
cent ground to conclude them to be the tame, or 
Initar, phenomena derived from the ſame, or from 
like cauſes. Tt was ſhewn in the laſt chapter, that 


ice) e gravity of heavy bodies is directed towards the 
ch: entre of the earth; and it appears from the obſer- 


o- das of aſtronomers, that the power which acts 
on the moon, inceſſantly ben ling her motion into a 
Curve, is directed tawards the ſame centre: for they 
and 8 find 
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find that the moon does not deſcribe an exact circle 
about the earth ; but an ellipſe or oval; and tha 
ſhe approaches to the earth, and then recedes from 
it, in every revolution, but ſo as to have her motion 
accelerated while ſhe approaches to the centre of the 
earth, and retarded as ſhe recedes from it; which i; 
an indication that ſhe is acted on by a power directed, 
accurately or nearly, towards the centre, 


5. That this may appear more fully, let us ſup. 
pole that a body 1s projected in any right line, and, 
if no new force act upon it, then mult it proceed in 
that line, deſcribing equal ſpaces in equal times, by 
the firſt law of motion; and if you imagine a ry 
drawn always from the body to ſome fixed point, 
that is not in the line of its motion, while the bod 
moves over equal [paces in equal times, that ray vil 
deſcribe equal triargular ſpaces * in equal time; 


All the reaſoning here ſuppoſes only one propoſition ver 
generally known, that ** triangles on the ſame baſe, or on eqn 
baſes, that have the ſame height, are equal to each other; 
from which it eaſily follows, 1. That while a body by an ui: 
form motion deſcribes the line a r, (Hg. 52.) ad moves jet 
the cqual parts a B, BC, in equal times, the triangles deſcribed 
by a ray drawn always from the body to the given point s, vs 
AB, BSC, mult be equal, becauſe their baſes as, Bc are equi 
and they have their common vertex ins. 2. Suppoſe a foice i 
act on the body in x, directed toward s, that would carry it i 
E, if it ated alone upon the body, in the ſame time in whicl 
the body by its uniform motion would deſcribe s c, and ie 
body will now deſcribe yp the diagonal of the parallelogral 
BEDC inthe ſame time, and the ray drawn from the body 01 
will deſcribe the triangle Bs b equal to Bs c becauſe they ate d 
the ſame baſe ps and between the parallels 38, ; that i, the 
ſpace deſcribed now by the ray is equal to the ſpace that woul 
have been deſcribed by it if no new force had acted on the bod) 
B : from which it appears, that the ſpace deſcribed by the ray 
not increaſed or diminiſhed by any action of the body dire(ted 
towards s, and therefore the ray drawn from the body to 5 wi 
ſtill · continue to deſcribe equal ſpaces in equal times, if no fe 
force act upon it but what is directed towards s. 

| becauk 
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becauſe theſe triangles, deſcribed by the ray in equal 
times, will have equal baſes on the line of projection, 
and one common vertex in that fixed point. Sup- 
poſe next that a force, directed to the ſame fixed 
point, acts upon the body, and it will now be car- 
ried out of the firſt line of its motion into a new di- 
rection, but the area or ſpace deſcribed by the ray, 
drawn always from the body to that fixed point, will 
be equal to the ſpace that would have been deſcribed 
| by the ray in the ſame time if no ſuch force had 
| ated upon the body; for theſe ſpaces are triangles 
| ſtanding on the ſame baſe (viz. the firſt diſtance of 
| the body from that fixed point) and between the 
| ame parallel lines. The power, therefore, directed 

towards the given point has no effect on the magni- 
tude of the area or ſpace deſcribed by the ray that 18 
ſuppoſed to be drawn always from the body to that: 
point; it may accelerate or retard the motion of the 
body, but affects not the area. Therefore the ray 
muſt ſtill continue to deſcribe the ſame ſpac's in 
equal times about the given point, as it would have 
done if no new force had acted on the body, but it 
had been permitted to proceed uniformly in che line 
of projection, 


6. As one impulſe towards the given point has no 
effect on the area, or ſpace, deſcribed by the ray 
tending always from the body to that point, fo any 
number of ſucceſſive impulſes directed to the ſame 
point can have no effect on that area, ſo as to acce- 
erate or retard its deſcription z and, if you ſuppoſe 
the power directed to that point to act continually, 
it will bend the way of the body's motion into a 
curve; and may accelerate or retard its velocity, 
but can never affect the area deſcribed in a given 
ime by the ray ſuppoſed to be drawn always from 


the body to the given point; which therefore will 
8 2 be 
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body would be accelerated in its motion as it ap. 
proached to that point, and retarded as it remove 
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be always of an invariable quantity, equal to that 
which would have been deſcribed in the ſame time, 
it the body had proceeded uniformly in a right line, 
from the beginning of the motion, 


7. The converſe of this theorem ſhews, that the 
equable increaſe of the areas deſcribed by a ray, 
drawn always from a body to a given point, is an 
indication that the direction of the power that aq; 
upon the body, and bends its way into a curve, i; 
directed to that point. It is eaſy to ſee, that if th 
power was directed to either fide of the point , i 
would increaſe or diminiſh the area deſcribed by the 
ray drawn from the body to the point; ſo that 
equal areas continue to be deſcribed about it in equi 
times, we may be aſſured that the power is direcied 
to that point, If a body deſcribe a circle with a 
equable motion, ſo as to move over equal arcs in 
equal times, the areas deſcribed in equal times by 
ray drawn from the body to the centre of the circl 
will be equal, and it 1s plain that the force whic: 
bends the body into the curve muſt tend to that 
centre; for if it was directed to any other point, tit 


to a greater diſtance from it, We have explain 
this propoſition at ſome length, begauſe it is of tix 
greateſt conſequence in this philoſophy. From it ve 
learn, that the force which retains the moon in het 
orbit is directed to the centre of the earth, becauie 
ſhe deſcribes, by a ray drawn to the centre of tk 
earth, equal ſpaces in equal times, being accelerate 


* If a new force ated upon the body at , that was directed 
to either ſide of s, the body, inſtead of being found in the ling 
op, would, in the ſame time, either paſs that line or fall ſhort 
of it, and the area deſcribed by the ray drawn from the body 
would either be greater or leſs than Bic. 
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in her motion as ſhe approaches to the earth, and 
retarded as ſhe recedes from it. We ſhall, after- 
wards, ſee that a ſmall inequality in theſe ſpaces only 
ſerves to confirm our author's philoſophy. 


8. There is, therefore, a power which acts on the 
| moon, like to gravity, directed to the centre of the 
earth; and as this power makes her fall from the 
direction of her motion every moment towards the 
earth; ſo, if her projectile motion was deſtroyed, 
the fame power would make her fall to the earth, in 
a direct line: and becaule this power acts inceſſant- 
ly, bending, every moment, her way into a curve, 
it therefore would make her deſcend to the earth 
with an accelerated motion, like that of heavy bo- 
dies in their fall. It remains only to ſhew, that the 
power which acts on the moon agrees with gravity in 
the quantity of its force, as well as in all other re- 
ſpects. But, before we compare them in this parti- 
cular, we are to obſerve, that the power which acts 
upon the moon is not the ſame at all diſtances from 
the earth, but is always greater when ſhe is nearer to 
the earth. To be ſatisfied of this, it is only neceſ- 
ary to ſee that to bend the motion of a body into a 
curve, when it moves with a greater velocity, re- 
quires the action of a greater power than when it 
deſcribes the ſame curve with a leſs velocity. This 
Is obvious enough, but may appear more fully thus: 
imagine a tangent (Fig. 53.) drawn at the beginning 
of a ſmall arc deſcribed by the body, and as this is 
the line which the body would have followed if no 
new power had acted upon it, the effect of that 
power 1s eſtimated by the depreſſion of the other ex- 
tremity of the arc under that tangent :- now 1t is 
plain, that in arcs of the ſame curvature or flexure, 
tne greater the arc is, the farther muſt one extremity 
vi it fall below the tangent drawn at the other ex- 
8 3 tremity; 
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tremity; and conſequently when a body deſcribes x 
greater arc, it muſt be acted on by a greater power 
than when it deſcribes a leſſer arc in the ſame time. 
Now as the moon approaches to the earth, her mo. 
tion is accelerated, is ſwifteſt at her leaſt diſtance, 
and ſloweſt at her greateſt diſtance, and the arcs 
which ſhe deſcribes at her greateſt and leaſt diſtance 
have the ſame curvature, therefore the force which 
acts upon her at her leaſt diſtance, when her motion 
is ſwifter, muſt be the greater force. 


9. It will not be difficult to ſte according to what 
law this power varies, at her greateſt and leaſt dil. 
tances from the carth. That it may appear more 
eaſily, let us aſſume a ſimple caſe, and ſuppoſe tha 
her leaſt diſtance is the half of her greateſt diſtance, 
If this was truc, the moon would move with a double 
velocity in her leaſt diſtance, that the area deſcribed 
there by a ray from her to the earth might be equal 
to the area deſcribed by ſuch a ray, in the fame time, 
at her greateſt diſtance z ſo that ſhe would deſcribe at 
her leaſt ciſtance an are, in one minute, equal to 
the arc ſhe would deſcribe in two minutes at bet 
greateſt diſtance; and would fall as much below tie 
tangent at the beginning of the arc, in one minuts 
in tle lower part of her orbit, or the perigacum, Þ 
in two minutes in the higher part of it, or her «fv 
gaeum. If therefore her projectile motion was ce. 
ſtroyed at her leaſt diſtance, ſhe would fall towards 
the earth as much in one minute, as in two minutes 
if her projectile motion was deſtroyed at her greatel 
diſtance. But the ſpaces deſcribed by a heavy body 
in its deſcent are as the ſquares of the times, by Bk 
II. Chap. 1. F 11; and ſuch a body deſcends thi 
a quadruple ſpace in a double time; ſo that tt 
moon deſcending freely at her greateſt diſtant 


would neceſſarily fall four times as far in two mi 
utes 


S 


as 4 to 1, when the diſtances are as 1 to 2. 
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nutes as in one minute. Therefore ſhe would fall 
thro? four times as much ſpace, in one minute, at 
her leaſt diſtance, as at her greateſt diſtance in the 
ſame time. But the forces with which heavy bodies 
deſcend, are in the ſame proportion as the ſpaces de- 
ſcribed, in conſequence of thoſe forces, in equal 
ſmall parts of time; conſequently the power that 
acts at the leaſt diſtance is quadruple of that which 
acts at the greater diſtance, when the latter is ſup- 
poſed to be double of the former; or the forces are 
We 
find, therefore, that the force which acts upon the 
moon, and bends her courſe into a curvilinear orbit, 
increaſes as the diſtance from the centre of the earth 
decreaſes, ſo as to be quadruple at halt the diſtance. 


| In the ſame manner 1t 1s ſhewn, that if her leait 


diſtance was the third part only of her greateſt diſ- 
tance, her velocity would be triple at the leaſt diſ- 
tance, to preſerve the equability of the areas de- 
ſcribed by a ray drawn from her to the centre of the 
earth; and that ſhe would be acted upon by a power 
which would have the ſame effect there in one mi- 
nute, as in three minutes at her greateſt diſtance; 
{0 that if ſhe was allowed to deſcend freely from each 
diſtance, ſhe would fall nine times as far from the 
lealt diſtance as from the greateſt, in the ſame time; 
conſequently, the power itſelf which cauſes her 
deſcent would be nine times greater at the third part 
of the diſtance ; or the diſtances being as 1 to 3, 
the force of gravity at thoſe diſtances would be as 
9to 1, that is, inverſely as the ſquares of the dil- 
tances, In the ſame manner, it appears that when 


the greateſt and leaſt diſtances are ſuppoſed to be in 
any proportion of a greater to a leſſer number, the 
velocities of the revolving planet are in the inverſe 
ratio of the ſame numbers; and that the powers, 
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which bend its motion into a curve, are in the in. 
verle ratio of the ſquares of thoſe numbers, 


10. In general, let T (Fig. 53.) repreſent the 
centre of the earth, ALP the moon's elliptical orbit, 
A the apogacum, p the perigacum, AH and Pk the 
tangents at thoſe points, AM and Pw any ſmall arc 
deſcribed by the moon in equal times, at thoſe dif. 
tances; MH, NK, the ſubtenſes of the angles of con. 
tat, terminated by the tangents in a and K: then 
MH and x E will be equal to the ſpaces which would 
be deſcribed by the moon, if allowed to fall freely 
from the reſpective places a and p, in equal times; 
and will be in the ſame proportion to each other, az 
the powers which act upon the moon, and infle@ 
her courſe, at thoſe places. Let An be taken equal 
to PN, and n, parallel to Av, meet the tangent at 
A in ; then, becauſe the curvature of the ellipſe 
is the fame at A as at p, mb is equal to KN; and, 
if che moon was to fall freely, from the places Þ and 
a, towards the earth, her gravity would have a 
greater effect at e than at A, in equal times, in pro- 
portion as mb is greater than MH. But mb is the 
ſpace which the moon would deſcribe freely by her 
gravity at a, in the time in which a þ would be de- 
ſcribed by her projectile motion at A; and MH I 
the ſpace thro' which ſhe would deſcend freely by her 
gravity at a, in the time in which AH would be de- 
icribed by her projectile motion; and thoſe ſpaces 
being as the ſquares of the times, it follows that mb 
is to uu, as the ſquare of ah to the ſquare of a, 
or (becauſe of the equality of the areas 1A H, TPK) 
as the ſquare of T to the ſquare of Ta. There 
fore the gravity at p is to the gravity at A, as the 
ſquare of Ta to the ſquare of TP; that is, the gra 
yity of the moon towards the earth increaſes in the 
fame proportion as the {quare of the diſtance * 

wm the 
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the centre of the earth · decreaſcs. Sir IJſaac Newton 

ſhews the univerſality of this law, in all her diſ- 

tances, from the direction of the power that acts 
| upon her, and from the nature of the clips, the 
| line which ſhe deſcr:ves in her revolution; and it 
follows from the properties of this curve, that, if 
you take {mall arcs deſcribed by the moon in equal 
| times, the ſpace by which the extremity of any arc - 
deſcends towards the earth below its tangent at the 
. other extremity, is always greater in proportion as 
| WH tit fquare of the diſtance from the focus is leſs : 
J from which it follows that the power which is pro- 
; portional to this ſpace obſerves the ſame pro- 
3 portion. 


al 11. The moon's orbit, according to the obſerva- 
at tions of aſtronomers, differs not much from a circle 
ſe of a radius equal to ſixty times the ſemi- diameter of 
d, the earth; and the circumference of her orbit, is, 
il WF therefore, about ſixty times the circumference of a 


A great circle of the earth; which, by the French ma- 
0- thematicians, was found to be 123249600 Pariſian 
he feet. The circumference of the moon's orbit is 
cr WF caiily computed from this; and, ſince ſhe finiſhes 


le- her revolution in 27 days, 7 hours and 43 minutes, 
3 WF it is caty to calculate what arc ſhe deſcribes in one 
cr minute. Now, to compute by what ſpace one end 
le- ot this arc falls below a tangent drawn at the other 


ces end, we learn from geometry that this ſpace is nearly 
1) WK chird proportional to the diameter of her orbit and 
ii, he arc ſhe deſcribes in a minute; and by an eaſy 
«) WM <*iculation this ſpace is found to be 15+ Pariſian 
effet. This ſpace is deſcribed in conſequence of her 
the I gravity towards the earth, which, therefore, is a 
la. ower, that, at the diſtance of ſixty ſemi-diameters 
the ot the earth, is able to make her deſcend in one mi- 
| nute 
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nute through 1 544 Pariſian feet. This power in. 
creaſes as ſhe approaches to the earth: in order tg 
ſee what its force would be at the ſurtace of the 
earth, let us ſuppoſe her to deſcend ſo low in be- 
orbit as, at her leaſt diſtance, to paſs by the ſn: (++ 
of the carth. She would then come ſixty ges 
nearer to the centre of the earth, and move che 
velocity ſixty times greater, that the zrcas, delcri} -: 
by a line drawn from her to that centre in 94 
times, might ſtill continue equal. The moor cre- 
fore paſting by the ſurface of the earth, at ur low. 
eſt diſtance, would deſcribe an arc in one ſecond of 
time (which is the ſixtieth part of a minute) eqn 
to that which ſhe deſcribes in a minute at her t 
mean diſtance, and would fall as much the 
tangent at the beginning of that arc in a ſecond, as 
ſhe falls from the tangent at her mean diſtance in 1 
minute; that is, ſhe would fall near the ſurface f 
the earth 154+ Pariſian feet in one ſecond of time. 
Now this is exactly the ſame ſpace through W 9 
all heavy bodies are found by experienc+ to deſc" 
by their gravity, near the ſurface of che earth, as 
we obſerved above. The moon, therefore, would 
deſcend at the ſurface of the earth with the ſame ve- 
locity, and every way in the ſame manner, as heavy 
bodies fall towards the earth; and the power which 
acts upon the moon, agreeing in direction and force 
with the gravity of heavy bodies, and acting incel- 
ſantly every moment, as their gravity does, they 
muſt be of the ſame kind, and proceed from the 
ſame cauſe, 


12. The computation may be made alſo after 
this manner : the mean diſtance of the moon from 
the earth being ſixty times the diſtance of heavy 
bodies at the ſurface "Oh its centre, and her gravity 
increaſing in proportion as the ſquare of her * 

rom 
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from the centre of the earth decreaſes, her gravity 
would be 60x60 times greater near the ſurtace of 
the earth than at her preſent mean diſtance, and 
therefore would carry her through GOGO 18 
Pariſian feet in a minute near the ſurface: but the 
fame power would carry her through 60x60 times 
leſs ſpace in a ſecond than in a minute, by what has 
been often obſerved of the deſcent of heavy bodies 
and, therefore, the moon in a ſecond of time would 
fall by her gravity near the ſurface of the earth 1922 
Pariſian feet ; which therefore 1s the ſame with the 
gravity of terreſtrial bodies, 


13. Thus Sir Iſaac Newton ſhewed that the power 
of gravity is extended to the moon ; that ſhe is 
heavy, as all bodies belonging to the earth are found 
by perpetual experience to be ; and that the moon is 
retained in her orbit from the ſame cauſe, in conſe- 
quence of which a ſtone, bullet, or any other pro- 
jectile, deſcribes a curve in the air. If the moon, 
or any part of her, was brought down to the earth, 
and projected in the ſame line and with the ſame ve- 
locity as a terreſtrial body, it would move in the 
ſame curve; and if any body was carried from our 
earth to the diſtance of the moon, and was projected 
in the ſame direction and with the ſame velocity with 
which the moon is moved, it would proceed in the 
ſame orbit which the moon deſcribes, with the ſame 
velocity. Thus the moon is a projectile, and the 
motion of every projectile gives an image of the 
motion of a ſatellite or moon. Theſe phænomena 
are ſo coincident, that it is manifeſt they muſt flow 
ſrom the ſame cauſe, 
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HA. UL 


Of the ſclar ſyſtem : and the parallaxes of the planet; 
and fixed ſtars. 


I. AVING ſhewed that gravity is extended 
from the ſurface of the earth to the moon, 

and to all diſtances upwards, decreaſing in a regula 
courſe as the ſquares of thoſe diſtances increaſe, our 
author did not ſtop here: as any conſiderable diſco. 
very in nature generally opens a new ſcene, fo va. 
Juable a one as this could not be barren in Sir Iſaae 
Newton's hands. The gravity of the moon ſug- 
eſted to him the univerſal gravitation of matter; 
and ſo ſucceſsful an account of her motion led him 
to explain all the curvilinear motions in the ſolar 
ſyſtem, from the ſame principle. The earth can- 
not be conſidered as the centre of the motions of any 
body in the ſyſtem but of the moon only, with which 
ſhe forms one of thoſe leſſer ſyſtems of which the 
vaſt ſolar ſyſtem conſiſts, The inferior planets, 
Mercury and Venus, do not fo much as include the 
earth within their orbits, but manifeſtly revolve 
round the ſun; for ſometimes they are farther diſtant 
from us than the ſun, and at other times paſs be- 
tween him and us, but never are ſeen oppoſite to 
the ſun, or appear removed from him beyond a cer- 
tain arc, which 1s called their greateſt elongation, The 
higher planets, Mars, Jupiter and Saturn, move in 
orbits which include the earth indeed; but it appears 
from their motions, which viewed from the earth 
are ſubject to many irregularities, that the earth 15 
not to be conſidered as the centre of their orbits. 
Sometimes they appear to proceed in theſe orbits 
from weſt to eaſt, ſometimes they ſeem ſtatronsr? 
CG 
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or without motion, and at other times they appear 
retrograde, or to go backwards from eaſt to welt : 
and theſe irregularities, tho' different in the different 
planets, Are exactly ſuch, in all of them as ſhould 
appear to us in conſequence of the motion of the 
earth in her orbit, 


2. The motions of all the planets about the ſun 
are conſtant and regular. They all move round 
him from weſt to eaſt, almoſt in the ſame plane, in 
elliptic orbits that have the ſun in one of the focz, 


but of which ſome approach very near to circles. 


Mercury poſſeſſes the loweſt place; where moving 
with the greateſt velocity of them all, and in the 
icaſt orbit, he finiſhes his revolution in two months 
and 28 days. The planet Yenus, which 1s called by 
us ſometimes the evening ſtar, ſometimes the morn- 
ing ſtar, according as it appears to us eaſtward or 
weſtward from the fun, and conſequently ſets later 
or riſes earlier, is next to Mercury in the ſyſtem, 
and revolves in about feven months and 15 days. 
Above theſe next in order revolves the earth, with 
her ſatellite the moon, in the ſpace of a year. Mars 
is above the earth, and is the firſt which includes the 
earth, as well as the ſun, in his orbit; which he de- 
icribes in one year, ten months and 22 days. Higher 
in the ſyſtem and at a great diſtance Fupiter revolves, 
with his four ſatellites, in eleven years, ten months 
and 15 days, Laſt of all, Saturn, with five ſatel- 
lites, and a ring peculiar to him, moves in a vaſt 
orb with the {loweſt motion, and finiſhes his period 
in twenty-nine years, five months and 27 days. 


3. Suppoſe the earth's mean diſtance from the 
ſun to be divided into 100 equal parts, then the 
mean diſtances of Mercury, Venus, Mars, Jupiter 
and Saturn, from the ſun, ſhall conſiſt of nearly 38, 


725, 


found by obſervation 3 conſequently all the angles ot 
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72, 152, 520 and 954 ſuch parts, reſpeCtively, 
Or if they be required with greater exactneſs, let 
the earth's mean diltance be repreſented by 100000 
and the diſtances of thoſe ſeveral planets ſhall be re. 
preſented by the numbers 38710, 72333, 1 52369, 
520096, 954006, reſpectively. DE ie 


The diſtances of Mercury and Venus are deter. 
mined by their greateſt elongations from the ſun, 
Let s (Fig. 54.) repreſent the ſun, T the earth, and 
ſuppoſing av B the orbit of Venus to be perfect 
circular, draw r a tangent z then ſhall v repreſent 
the place of Venus where her elongation from the 
ſun is greateſt, and the triangle s v T being right an. 
gled at v, it follows that s T, the diſtance of the 
earth from the ſun, is to s v, the diſtance of Venus 
from the ſun, as the radius to the ſine of the angle 
sT the greateſt elongation of Venus from the {un, 
In this manner, the diſtances of the inferior planets 
are compared with the diſtance of the earth from 
the ſun, The diſtances of the ſuperior planets ar: 
determined from their retrogradations, and, in fuch 
as have ſatellites, by the eclipſes of thoſe ſatellites. 
For example, let 1 (Fig. 55.) repreſent the plane 
Jupiter, and if the right line s1, joining the cen- 
tres of the ſun and Jupiter, be produced to M, then 
ſhall 1 M be the axis of his ſhadow, the poſition oi 
which is determined by the eclipſes of the ſatellites, 
and ſhews the Heliocentric place of Jupiter, i. e. his 
place viewed from the ſun, Produce the line T1, 
which joins the centres of the Earth and Jupiter, to 
v, and x ſhall repreſent the geocentric place of Jupi. 
ler, i. e. his place when viewed from the earth. 
The difference of thoſe places gives the angle x10 
or 71s; the angle 1Ts, the elongation of Jupite- 
from the ſun as ſeen from the earth at 7, is ealily 


the 
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the triangle T 18 are known, with the proportion of 
its ſides, which is the ſame as of the lines of thoſe 
angles; a! thus the proportion of $1, the diſtance 
of Jupiter from the ſun, to sr, the diſtance of the 
earth from the ſun is diſcovered, The angle T1s is 
that under which s T the ſemi-diameter of the earth's 
orbit would appear if viewed from 1, or the elon- 
g:.i0n of the carth from the ſun as it would appear 
to a ſpectator at Jupiter. 


4. In the firſt chapter of this book, we explained 
at Kugzth how the diſtances of the celeſtial bodies 
ar .liſcovered by what is called the diurnal parallax, 
that is, the angle under which the ſemi- diameter of 
the earth would appear at thoſe diſtances, By this 
method the diſtance of the moon from the earth is 
compared with its ſemi diameter. When Feuus and 
Mars are at their leaſt diſtances from the earth, it 1s 
of uſe likewiſe for eftimacing thoſe diſtances. But 
in moſt other caſes, the diſtances of the celeſtial bo- 
dies are ſo great, and the ſemi- diameter of the earth 
bears ſo ſmall a proportion to them, that the angle 
under which it would appear, viewed at ſo great 
diſtances, cannot be diſcovered by our inftruments, 
with any tolerable accuracy. Therefore aſtronomers 
have been obliged to have recourſe to other inven- 
tions. The method propoſed by Ariftarchus for 
determining the diſtance of the ſun, by obſerving 
the time when the moon's di{k appears to be halt il- 
luminated by the ſun, may be conſidered as an at- 
tempt to ſubſtitute the ſemi-· diameter of the moon's 
orbit in place of the ſemi-diameter of the earth. 
Lets and T (Fig. 56.) repreſent the ſun and earth, 
the mcon's place when 71 is perpendicular to s 1, 
at which time her diſk ought to appear to us to be 
biſected by the boundary of light and darkneſs upon 
her ſurface; and it is manifeſt that s, the "Ry 
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of the earth from the ſun, is then to T L, the Ciſtang 
of the moon from the earth, as the radius to the 
fine of the angle LsT, the complement of the ang 
$TL the elongation of the moon from the ſun at ty 
time. But this method, tho' very ingenious, h 
proved unſucceſsful ; aſtronomers finding it imprzc. 
ticable to determine the time of this biſection of tle 
lunar diſk with ſufficient exactneſs for this purpoſe 
We learn from it, however, that the diſtance of the 
ſun is vaſtly greater than that of the moon; for | 
is obvious that the nearer the angle s T L approaches 
to a right one, the greater muſt the diſtance s 7 be 
in proportion to TL; and that if this diſtance 37 
was infinite, then s 1 L would be a right angle. Noy 
aſtronomers find it very difficult to diſcover any dif. 
ference between the angle s T1 and a right angle, or 
between the time when the lunar diſk appears to be 
biſected and the quadrature ; from which it folloy: 
that 8 is vaſtly greater than TL. 


g. Aſtronomers finding the diurnal parallax of no 
uſe for determining or comparing the greater ll 
tances in the celeſtial ſpaces, the ſemi-diameter d 
the earth being too ſmall a baſe for this purpoſe, have 
had recourſe to what they call the annual parallax, 
In place, therefore, of the ſemi-diameter of th 
earth, they ſubſtituted the ſemi-diameter of the or! 
deſcribed by the earth annually about the fun ; or, 
in place of two ſtations or ſpectators, one of which 
was ſuppoſed to be at the ſurface and the other at ti 
centre of the earth, they ſubſtituted one at the earti 
and another at the ſun, In this manner they 09 
tained a baſe that bears a conſiderable proportion t1 
any diſtances within the ſolar ſyſtem, and with whic 
they were able to compare them by accurate obſerva 
tions. As, in the former caſe, they compared tht 


diſtances in the heavens with the ſemi- diameter q 
the 
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the ear at thoſe diſtances ; ſo, in this caſe, they com- 


80 are the vaſt diſtances of the planets from the ſun 
7 with the ſemi-· diameter of the earth's orbit, by find- 
* ing under what angle this ſemi- diameter appears at 
„dose diſtances. This angle is greater at the diſtance 
* of Mars than at that of Jupiter, and is greater there 
* than at the diſtance of Saturn; decreaſing always 
ich the diſtance, till at length it become too ſmall 
ro [ be diſcernible by the exacteſt inſtruments we have; 
r (Hig. 55.) repreſent any remote object in the 
MM fin, 4 the point where the earth paſſes betwixt 
Loe fun 5 and that object 1, 1T a tangent from the 
4;r WI point 1 to the earth's orbit, ſuppoſed to be circular : 


and when the earth is at a, the object i will appear 
in the ſame place to the earth and ſun ; but when 
the earth comes to T, it we ſuppoſe 1 to have no 
motion, it will appear to the earth in the right line 
TI, and will appear to have gone backward by the 
re that meaſures the angle T 1s, the ſame which the 
ſeun-diameter of the earth's orbit sr ſubtends ar 
1; and this angle being determined by obſervation, 
Is {ine will be to the radius, as sr tos1; that is, 
as the diſtance of the earth from the fun to the diſ- 
nge of the object i from the fun; which propor- 
107, therefore, is eaſily computed by trigonometry. 
Fhen the object 1 has a proper motion, an allow- 
Ince mult be made for this motion, after it is deter- 
ined by obſervation, 
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1 the following manner. Let $1 produced meet 


on tl 

1 5 here in which the fixed ſtars are 1 9 7 
cred poſed 1 in u, let the two tangents T1 and ?1 meet 
ed tl lame in N and u, and ſuppoſing the object 1 to 


rate continually between x and » like a pendu- 
im, imagine this arc x itſelf to be carried along 
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the arc DME with the proper motion and direction 
of the object 1, If 1 repreſent a planet, the arc y 
which mcaſures the angle NI or TI, will ſhey 
how much the planet 1s retrogade, the half of which 
angle is SIT; which being known, the proportion 
ofs to sr is computed as above. 


6. We aſcribe the annual motion to the earth ard 
not to the ſun, according to the Pythagorean ſyſtem 
revived by Copernicus, for many reaſons; ſome of 
which were briefly mentioned in & 1. and 2. By 
comparing the periodic times of the primary plane: 
and their diſtances from the ſun, and by comparing 
the periodic times of the ſatellites that revolve about 
Jupiter and Saturn with their reſpective diſtances 
from their primary planets, it appears to be a gene- 
ral law in the folar ſyſtem, that when ſeveral bodies 
revolve about one centre, the ſquares of the periodic 
times increaſe in the ſame proportion as the cubes of 
the diſtances from that centre; that is, the periodic 
times increaſe in a higher proportion than the di- 
tances, and not in ſo high a proportion as the ſquare 
of thoſe diſtances, but accurately as the power d 
the diſtance whoſe exponent is 14, or as the number 
which is a mean proportional between thoſe numbers 
that repreſent the diſtance and its ſquare. The earth 
is the centre of the motion of the moon, in all de 
ſyſtems. If the ſun likewiſe revolved round tit 
earth, we ſhould expe& that the ſame general lan 
would take place in their periodic times and diſtances 
compared together; or that the ſquare of 27 cays, 
7*, 43 would be to the ſquare of 365 days, l, 9) 
as the cube of the moon's diſtance from the cart 
to the cube of the ſun's diſtance from the ſame: 
from which it is eaſy to compute that the ſun's di 
tance ought to be little more than 54 times great" 


than the moon's diſtance ; whereas it is _— 
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from the minuteneſs of the ſun's diurnal parallax, 
that the ſun's diſtance 1s ſome hundred times greater 
than the moon's diſtance from the earth. But if, 
with Copernicus, we ſuppoſe the. earth to revolve 
about the ſun, in an orbit placed betwixt thoſe of 
Venus and Mars, this law will be found to obtain 
between the periodic times and diſtaaces of the earth 
and any of the planets from the ſun compared toge- 
ther ; and the harmony of the ſyſtem will appear 
complete. The retrogradations and ſtations of the 
planets, and the many apparent irregularities in their 
motions and diſtances from the earth, furniſh us with 
ſo many arguments againſt the Piolemaic ſyſtem, ac- 
cording to which thoſe appearances are explained 
by a number of perplexed ſolid orbs and epicycles, 
in a manner unworthy of the noble ſimplicity and 
beauty of nature. It is likewiſe to be remarked, 
that thoſe inequalities are different in the different 
planets, but in each of them are ſuch as ought to 
ariſe from the annual motion of the earth, The 
arguments derived from the magnitude of the ſun, 
and its great uſefulneſs to all the bodies in the 
ſyſtem, which ſeem to entitle it to the molt centric 
place, are too obvious to require our inſiſting on 
them. The earth and planets revolve about the 
jun, in order to enjoy the benefits of his light and 
heat; but no reaſon appears why the fun and planets 
ſhould revolve around the earth. 


7. There is but one argument againſt the annual 
motion of the earth that deſerves any notice, vis, 
The want of an annuat parallax in the fixed ſtars, 
Let T at (Fig. 57.) repreſent the earth's orbit about 
tne ſuns, TX the axis of the earth, and /x, paral- 
el to Tx, ſhall repreſent the poſition of the ſame 


dals at the oppoſite point f. Suppoſe T x to be di- 
| 4 rected 
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rected towards the ſtarp; and it is manifeſt that the 
axis of the earth will not be directed to the ſame ſtar 
when it comes to the ſituation ? x, but will contain 
an angle x /p with the line / y joining the earth and 
ſtar, equal to the angle 2 T, under which the dia- 
meter / of the earth's orbit appears to a ſpectator, 
viewed from the ſtar yp. It might be expected, 
thercfore, that by obſerving the fixed ſtar p from 
the different parts of the earth's orbit T, r, (which 
may be conſidered as two ſtations in this problem, 
the moſt ſublime of all that can be brought into 
practical gcometry,) we ought to be able to judge, 
from its different appearances at thoſe ſtations, of 
the angle TP#, and conſequently of the proportion 
of Tp, the diſtance of the ſtar, to Tt, the dia- 
meter of the earth's orbit, or double diſtance of the 
fun. Yet it is certain that aſtronomers, hitherto, 
have not been able to diſcover any difference in the 
apparent ſituations of the fixed ſtars, with reſpect to 
the axis of the earth or to one another, that can 
ariſe from the motion of the earth; tho', ſince the 
reſtoration of the Pythagorean doctrine, they have 
taken great pains to examine this matter. In anſwer 
to this objection, it is obſerved, that the diſtance of 
the fixed ſtars is fo very great, that the diameter of 
the earth's orbit bears no ſenſible proportion to it; 
o that the angle TP is not to be diſcovered by our 
exacteſt inſtruments. Nor is this immenſe diſtance 
of the fixed ſtars advanced by the Copernicaus as an 
hypotheſis, merely for the ſake of ſolving this ob- 
jection ; for, as they had reaſon to ſuppoſe the fixed 
ſtars like to our fun, they had ground to conclude 
their diſtance to be vaſtly great, ſince they appear to 
us with ſo faint a light, and of no ſenſible diameter, 
even in the largeſt teleſcopes. If we ſhould ſuppo!: 
the diſtance between us and a fixed ſtar to be divided 
into 300 equal parts, and a ſpectator, after paſſing 
over 
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over 299 of thoſe parts, ſhould view it from the laſt 
diviſion, or at +3 part of the whole diſtance, the 
ſtar, indeed, would appear brighter to him, but not 
ſenſibly magnified in diameter; becauſe it would ap- 
pear of the ſame magnitude to him at that diſtance, 
a5 it was in a teleſcope that magnified 3oo times. 
The immenſe diſtance of the fixed ſtars likewiſe ap- 
pears from hence, that when the moon or any other 
planet covers them from us, this is done in an in- 
{tant ; they diſappear ar once, and not gradually as 
the more remote planets when covered by the nearer 
ones. If we join theſe obſervations together, they 
will rather appear to confirm one another and the 
motion of the earth, than to make againſt it. The 
immenſe diſtance of the fixed ſtars, that ariſes from 
them jointly, rather ſtrengthens the evidence of the 
Copernican ſyſtem ; becauſe the more remote the ſtars 
are, the more abſurd it muſt appear to ſuppoſe fo 
immenſe a ſpace to revolve about our earth, fo in- 
conſiderable a point! that to our neighbouring pla- 
nets it is ſeen but as a ſmall ſpark of light; to others 
of them is hardly known; and to ſome of the fixed 
ſtars, neither it nor the whole folar ſyſtem to which 
it belongs is viſible. How can it be imagined that 
thoſe immenſe bodies, ſunk fo deep in the abyſs of 
ſpace, deſcribe daily ſuch vaſt rounds about fo mean 
2 centre; eſpecially if it be conſidered that it is 
lighly probable ſome of the fixed ſtars are immenſe- 
ly farther diſtant than others, and that all the ſyſtem 
of the fixed ſtars, viſible to the naked eye in a clear 
light, form but a ſmall corner of the univerſal 
iytem ? 


8. But this is not all we learn from the diligence 
and accuracy of late aſtronomers, in confirmation of 
the motion of the earth about the ſun, and that 
zrves to reſolve this the only material objection 
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againſt it. An inſtrument was contrived by the 
famous Mr. Grabam (for a deſcription of which we 
refer the reader to Dr. Smith's excellent treatiſe of 
optics) and exeouted with ſurprifing exactneſs, which 
being placed in the vertical line, a ſtar in the con- 
ſtellation Draco that paſſed near the zenith was ob. 
ſerved by this inſtrument for a number of years, 
with a view to diſcover its parallax, by Mrs. Mah. 
neux, Bradley and Graham. They ſoon diſcovered 
chat the ſtar did not appear always in the ſame place 
in the inſtrument, but that its diſtance from the ze- 
nith varied, and that the difference of its apparent 
places amounted to 21 or 22 feconds, This ſtar is 
near the pole of the ecliptic. They made ſimilar 
obſervations on other ſtars, and found a like a 
parent motion in them, proportional to the latitude 
of the ſtar, This motion was by no means ſuch as 
was to have been exp:Aed as the effect of a paral- 
lax; and it was ſome time before they diſcovered 
any way of accounting for this new phznomenon : 
but at length Mr. Bradley reſolved all its variety in a 
ſatisfactory manner, by the motion of light and the 
motion of the earth compounded together, 


Let Ap (Fig. 58.) repreſent a ſmall portion of tlie 
earth's orbit, D a ray of light moving from the 
ſtar with the direction co; and if the earth was at 
reſt, the teleſcope would be directed to the ſtar, by 
placing it in the right line a r parallcl to pc. Let 
AD be to bc, as the velocity of the carth in its orbit 
to the velocity of light, and it is manifeſt that the 
tele ſcope muſt now be placed in the ſituation AC, 
that the ray of light may run along its axis, and, 
after entering the middle of the object glaſs at c, 
may iſſue at the middle of the eye glaſs at A; be- 
cauſe, while the ray deſcribes the right line cp, the 
point A is carried forwards to p, and the teleſcope 
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by moving parallel to itſelf is carried into the ſitua- 
tion Dc. But the apparent place of the ſtar is de- 
termined by the poſition of the teleſcope, and con- 
ſequently the ſtar will appear in the right line ac, 
and not in its true ſituation at, Thus a ſtar in the 
ole of the ecliptic will appear to have its latitude 
diminiſhed by the angle EACH or AD; which will 
be found to exceed 20 ſeconds, if the velocity of 
light be to the velocity of the earth as 8000 to 1: 
and this ſtar will in appearance deſcribe a ſmall circle 
round the pole of the ecliptic at a diſtance from it of 
about 20”. In other cales, the ſtar will appear to 
deſcribe a ſmall ellipſis having its centre in the true 
place of the ſtar, (i. e. the place where it would ap- 
pear if the earth was at reſt} its tranſvarſe axis paral- 
el to the ecliptic, and its ſecond axis perpendicular 
to it; the former of which gives its greatcit aberra- 
tion in longitude, and the latter its greateſt aberra- 
tion in latitude. If the ſtar be in the plane of the 
ecliptic, the aberration then 1s only in longitude. In 
this caſe, if the rays from the ſtar touch the earth's 
orbit in 6 and , and be perpendicular to it in 4 
and B, the motion of the carth, at c and n, being 
in the direction of the ray, the ſtar will appear in 
its true place, and there will be no aberration at thoſe 
points; but the aberration in longitude will be great- 
etataandB. He has explained all the appearances 
of the ſtars obſerved by Mr. Molyneux and himſelt, 
in this manner ; and tho? he has not difcovered any 
parallax by theſe obſervations, he has produced from 
them a new argument for the motion of the earth, 
5y a ſeries of oblervations made on different ſtars in 
diſterent places. He finds ground to conclude from 
theſe, that the parallax of the fixed ſtars can hardly 
exceed one ſecond ; from which their diſtance ought 
o be 400,000 greater than the diſtance of the ſun. 


1 4 The 


— 
* 


280 Sir Isa Ac NEwTON'S Book III. 


The true motions in the ſyſtem being eabliſhes, 
we may now proceed lately with our enaly/7s. 


9. Each of the primary planets bend their way 
about the centre of the ſun, and are accelerated 10 
their motion as they approach to him, and retarded 
as they recede from him; ſo that a ray drawn from 
any one of them to the ſun always deſcribes equal 
ſpaces, or areas, in equal times: from which it fol- 
lows, as in Chap. 2. 5, 6, 7. that the power which 
bends their way into a curve line mult be directed to 
the ſun. This power always varies in the ſame man- 
ner as the gravity of the moon towards the earth. 
The ſame reaſoning by which the gravity of the 
moon towards the earth at her greateſt and lealt 
diſtances were compared together, in Chep. 2. & 5, 
9, 10. may be applied in comparing the powers 
which act on any primary planct, at its greateſt and 
leaſt diſtances from the ſun; and it will appear, that 
theſe Powers increaſe as the ſquare of the diſtance 
trom the ſun decreales. Our author ſhews tius 
generally, from the nature of the clliptic curve in 
which cach planet moves. 


10. But the univerſality of this law, and the uni. 
formity of nature, ſtill farther appears by comparing 
the motions of the different planets. The power 
which acts on a planet that is nearer the ſun is man- 
feſtly greater than that which acts on a planet more 
remote; both becauſe it moves with more velocity, 
and becauſe it moves in a lefler orbit, which has more 
curvature, and ſeparatcs farther from its tangent, in 
arcs of the ſame length, than a greater orbit. By 
comparing the motions of the planets, it is found 
that the velocity of a nearer planet is greater than 
the velocity of one more remote, in proportion 45 


the ſquare root of che number which cxpreſſes the 
greatek 
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greater diſtance to the ſquare root of that which ex- 
preſſes the leſſer diſtance z fo that if one planet was 
four times farther from the ſun than another planet, 
che velocity of the firit would be half the velocity of 
the latter, and the nearer planet would deſcribe an 
arc in one minute, equa] to the arc deſcribed by the 
higher planet in two minutes: and tho* the curva- 
ture of the orbits was the ſame, the nearer planet 
zou'd fall by its gravity as much in one minute as 
the other would fall in two, and therefore the nearer 
planet would deſcribe by its gravity four times as 
much ſpace as the other would deſcribe in the ſame 
time, by the law of motion of fal ing bodies fo often 
mentioned; the gravity of the nearer planet would 
thereiore appear to be quadruple, from the conſidera- 
ton of its greater vclocity only. But beſides, as 
the radius of the leſſer orbit is ſuppoſed to be four 
times leſs than the radius of the other, the leſſer 
orbit muſt be four times more curve, and the extre- 
muy of a {mall arc of the ſame length will be four 
times farther below the tangent drawn at the other 
extremity in the leſſer orbit than in the greater; ſo 
that, tho' the velocities were equal, the gravity of 
the nearer planet would, on this account only, be 
lound to be quadruple. On both theſe accounts to- 
gether, the greater velocity of the nearer planet, and 
tue greater curvature of its orbit, its gravity towards 
the lun muſt be ſuppoſed ſixteen times greater, tho? 
'5 diſtance from the ſun is only four times leſs than 
that of the other; that is, when the diſtances are as 
to 4, the gravities are reciprocally as the ſquares of 
tire numbers or as 16 to 1. In the fame mannes r, 
vy comparing the motions of all the planets, it is 
jourd that their gravities decreaſe as the ſquares of 


their diſtances from the ſun increalc, 


282 Sir Is AAc NEW Tox's Book III. 


11. Thus, by comparing the motions of any ore 
planet in the different parts of its elliptic orbit, and 
the motions of the different planets in their different 
orbits, it appears that there is a power like the pra. 
vity of heavy bodies fo well known to us on the 
earth, extending from the ſun to all diſtances, and 
conſtantly decreaſing as the ſquares of theſe diſtances 
increaſe. If any one planet deſcended to the diſtance 
of another, it would be acted on in the ſame man. 
ner, and by the ſame power, as that other: and 25 
gravity preſerves the ſubſtance of the earth together, 
and hinders its looſer parts from being diſſipated by 
its various motions ſo a like power, acting at the 
ſurface of the ſun, and within its body, keeps its 
parts together and preſerves its figure, notwithſtand. 
ing its rotation on its axis. 


12. In the ſame manner as this principle governs 
the motions of the planets in the great ſolar ſyſtem, 
it governs alſo the metions of the ſatellites in the 
leſſer ſyſtems of which the greater is compoſed. 
There is the ſame harmony in their motions com- 
pared with their diſtances, as in the great ſyſtem: 
we ſee Jupiter's ſatellites bending their way round 
him, and falling every moment from the lines that 
are the directions of their motions, or the tangents 
of their orbits, towards him; each deſcribing equal 
areas in equal times by a ray drawn to his centre, to 
which their gravity is therefore directed. The 
nearer ſatellites move with greater celerity, in the 
ſame proportion as the nearer primary planets move 
more ſwiftly round the fun, and their gravity, there- 
fore, varies according to the ſame law, The ſame 
is to be ſaid of Saturn's ſatellites. There is, there- 
fore, a power that preſerves the ſubſtance of thele 


planets in their various motions, acts at their ſur- 
| faces, 
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faces, and is extended around them, decreaſing in 
che ſame manner as that which is extended from the 
earth and ſun to all diſtances, 


12. Theſe ſecondary planets muft alſo gravitate 
towards the ſun, It is impoſſible they ſhould move 
ſo regularly round their reſpective primaries, if they 
were not acted on by the ſame powers. If we ſup- 
poſe them to be acted on by the ſame accelerating 
power in parallel lines, there will no diſorder or per- 
plexity ariſe from thence 3 for they will then accom- 
pany their primary planets in their motions round 
the ſun, and move about them at the ſame time, 
with the ſame regularity as if their primary planets 
were at reſt, It will be as in a ſhip, or in any ſpace 
carried uniformly forward : in which the mutual 
actions of bodies are the ſame as if the ſpace was at 
reſt, being no way affected by that motion which is 
common to all the bodies. As every projectile, 
while it moves in the air, gravitates towards the 
ſun, and is carried along with the earth about the 
ſun, while its own motion in its curve is as regular 
as if the earth was at reſt ; ſo the moon, which we 
have ſhewed to be only a greater projectile, muſt 
cravitate toward the ſun, and, while it is carried 
along with the earth about the ſun, 1s not hindered 
ty that motion from performing its monthly revolu- 
tions round the earth. Jupiter's ſatellites gravitate 
toward the ſun as every part of Jupiter's body, and 
getarn's ſatellites gravitate toward the ſun as if they 
Vere parts of Saturn. Thus the motions in the great 
(ar ſyſtem, and in the leſſer particular ſyſtems of 
each planet, are conſiſtent with each other, and are 
caricd on with a regular harmony without any con- 
tun, or mutually interfering with one another, 
but what neceſſarily ariſes from ſmall inequalitics in 
ie gravities of primary and ſecondary planets, and 

| the 
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the want of exact paralleliſm in the directions g 
thoſe gravities; of which we are to treat after. 
wards. | 


14. Nor is there any body that comes, tho' rate. 
ly and as a ſtranger, into the lower parts of cut 
ſem, exempted from this univerſal gravitation 
toward the fun, When a comet appears, we ſee the 
effect of the ſame power acting on it; ſince it de. 
ſcends with an accelerated motion as it approacke; 
the ſun, and aſcends with a retarded motion, bend. 
ing its way about the ſun, and deſcribing equal area 
in equal times by a ray drawn from it to his centre, 
This power that acts on the comets varies according 
to the ſame law as the gravity of the planets, as ap- 
pears from their deſcribing either parabolas , or very 
eccentric ellipſes having one of their foci in the cen- 
tre of the ſun: our author having demonſtrated, 
that the power which makes a body deſcribe a para- 
bola abour its focus, mult likewiſe vary according to 
the law ſo often mentioned. If a body was pro- 
jected from our earth in a line perpendicular to the 
horizon, with a certain force, (vig. that which would 
carry it over about 420 miles with an uniform mo- 
tion in a minute), it would riſe in that line for ever 
and return to the earth no more. Its gravity would, 
indeed, retard its motion continually, but never be 
able to exhauſt it, the force of gravity upon it de- 
creaſing as it riſes to a greater height. If the body 
was projected with the ſame force in any other di- 
rection, it would go off in a parabola having its 
focus in the centre of the earth, and never return to 
the earth again. A force a little leſs would make it 
move in a very eccentric ellipfs, in which it woul: 
return after a long period to its firſt place; if it was 


* Princip. Lib. III. Prop. 40. 
| not 


Chap. 3+ PHITOSO CAL Discovernts; 28g 


not diverted in its courſe by approaching too near to 
ſome celeſtial body. In the fame manner, a planet 
projected with a certain force would go off for ever 
in a parabolic curve having the ſun in its focus; and 
if it was projected with a force a little leſs would re- 
volve in a very eccentric ellipſis having its focus in 
the fun. All theſe motions, therefore, proceed from 
the ſame principle, acting in a various but moſt re- 
gular manner in different circumſtances, and are all 
analogous to the motions of heavy bodies projected 
from our earth. Effects ſo ſimilar are to be reſolved 
into the ſame cauſe, and there is hardly more evi- 
cence for ſuppoſing, that it is the ſame power of gra- 
vity that acts upon terreſtrial bodies in Europe and 
in America, at the equator and at the poles, than 
that it is the ſame principle which acts over the 
whole ſyſtem, from the centre of the ſun to the re- 


mote orb of Saturn, or to the utmoſt altitude of the 
moſt eccentric comet, 


1;. From feveral phænomena we have reaſon to 
conclude, that there is an atmoſphere environing 
the ſun and extended from it to a conſiderable diſ- 
tance, The ring of light obſcrved around the moon, 
in a total eclipſe of the ſun, in 1605, mentioned by 
Kepler, and of late in 1706 and 1724, when it was 
obſerved to extend to 9 or 10 degrees diſtance from 
the moon, ſeems rather to have proceeded from the 
reflexion of that atmoſphere, while the ſolar direct 
rays were intercepted by the moon, than from the 
retraction of any atmoſphere about the moon. The 
matter of this atmoſphere appears to gravitate 
towards the ſun, from the effect it has upon the va- 
pour which ariſes in the tails of comets from their 
Nucleus and atmoſphere, with a direction oppoſite 
tv that of their gravity towards the fun. For this 

Vapour, 
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vapour, being highly rarified, ſeems to ariſe with 
this direction in conſequence of the greater gravity 
of the ſolar atmoſphere towards the ſun ; in the ſame 
manner as a column of vapour riſes in the air, i 
conſequence of the air's greater gravity towards the 
earth ; the rather that this vapour riſes with more 
rapidity, as well as in greater plenty, in proportion 
as the comet is nearer the ſun. Thus there is no 
ſort of matter in the ſolar ſyſtem but what we have 
oround to conclude gravitates towards the ſun, 


16, As to the fixed ſtars, they are removed to 
ſuch an immenſe diſtance, that their gravity toward 
the ſun can have no ſenſible effect upon them in 
many ages, and cannot appear to us by the phæno- 
mena, The power of gravity decreaſes in propor- 


tion as the ſquare of the diſtance increaſes ; the * 
neareſt fixed ſtar ſeems to be ſeveral hundred thou- hor 
ſand times farther diſtant from us than the earth is of 

from the ſun; and therefore their gravity mult be = 
ſome 100000X 100000 times leſs than the gravity of = 
the earth toward the ſun. It is not therefore from The 
phenomena, but from analogy only, that we can are 
extend the power of gravity to the fixed ſars, Be 
There is no influence but their light only which 1s * 
able to traverſe that vaſt abyſs of ſpace that is be- doch 
tween us and them, ſo as to have any ſenſible effect. IP 
However, as their light is every way the ſame 3s offer 
that of our ſun, our author thinks the argument uy 
from analogy may have its weight in this caſe, If verſ 
they alſo gravitate toward the ſun, and toward each * 


other, then we may ſuppoſe that the unfathomable 
void that intervenes between the ſyſtems of which 
they are probably the centres, as the ſun is of our 
ſyſtem, may ſerve to hinder them from diſturbing 


each others motions, and from coming together into 
; | one 
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one vaſt unformed maſs of matter. It will not feem 
ſtrange that where the ſun itſelf is ſcarcely viſible, 
the gravity toward it ſhould be inſenſible; and that 
we ſhould here find no effects of any gravitation 
toward the fixed ſtars. 


17. As ation and reaction are always equal and 
in oppoſite directions, ſo that the earth, for exam- 
ple, gravitates toward every mountain as well as 
every mountain toward the earth, and gravitates 
toward every projectile while it is moving in the air, 
as well as the projectile gravitates towards it; and 
without this law nothing would be ſteady or conſtant 
in nature: hence it follows, that the ſun gravitates 
toward all the bodies in the ſyſtem, and that the 
primary planets gravitate toward their ſatellites. 
The primary planets alſo gravitate toward one ano- 
ther; ſome minute irregularities in their motions, 
eſpecially in thoſe of Jupiter and Saturn, the two 
greateſt planets, when they are in conjunction and 
come neareſt to each other, are evidences of this. 
The motions of the ſatellites of Jupiter and Saturn 
are alſo ſaid to be ſubject to irregularities that pro- 
ceed from their mutual actions. From ſo many in- 
dications we may at length conclude, that all the 
bodies in the ſolar ſyſtem gravitate toward each 
other; and tho? we cannot conſider gravitation as 
elſential to matter, we muſt allow that we have as 
much evidence, from the phenomena, for its uni- 
verlality, as for that of any other affection of bodies 
whatſoever. 
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tions tho' their figure and bulk were different, ti 
diſtances between their centres of ſuſpenſion ant 
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CHAP. Iv. 
Of the general gravitation of walter. 


1. Itherto we have conſidered only the accele 

rating force of gravity at different diſtanca 
to which the velocity generated by it, in a given 
time, is always proportional. It remains to ſhey 
that the motion produced by this power, at equi 
diſtances from a given centre, is always proportion 
to the quantity of matter in the heavy body; tha 
the gravity of bodies ariſes from the mutual gray 
tation of their parts; and to aſcertain the law of the 
gravitation of the particles of bodics. It is allowe 
as to terreſtrial bodies, and was confirmed fro 
many accurate experiments by Sir 1ſzac Newton, tha 
bodies of the ſame bulk and figure, tho' of ver 
different kinds, ſuſpended by lines of the fame length 
performed their vibrations, when moving as pendi 
lums, exactly in the ſame time ; from which it fol 
lows, that the force of their gravity is exactly pro 
portional to their quantity of matter: nor uon 
there be any difference in the times of their vibra 


of oſcillation being equal, if it was not for the re 
ſiſtance of the air. It has been already ſhewed, thi 
the moon would fall toward the earth with the {an 
velocity as any other heavy body, if ſhe was at t 
ſame diſtance from its centre; and it is plain tl 


the forces of bodies moved with equal velocitics a ah 
as their quantities of matter: fo that the weight 8 
the moon would be to the weight of any heavy bot! ing 
at the ſame diſtance from the centre of the earth, — 


the ſame proportion as the matter of the moon 1s! 
4 1 
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the matter of that heavy body. The primary pla- 
nets are acted on variouſly in their different diſtances, 
but according to the law which ſhews that if they 
were at equal diſtances they would deſcend with 
1 equal velocities toward the ſun, ſo that their motion 
would be proportional to their quantity of matter. 
ln the ſame manner it appears, that if the latellites 
of Jupiter and Saturn were at equal diſtances from 
© the centres of their reſpective primary planets, they 
E would deſcend towards them with equal velocities, 
The earth and moon, at equal diſtances from the 
E ſun, are acted upon by equal accelerating forces, 
and would deſcend with equal velocities toward it, 
| Jupiter and his fatellites would deſcend with the 
ame velocity toward the ſun, if their projectile mo- 
tions were deſtroyed, The ſame is to be ſaid of Sa- 
turn and his ſatellites. A very ſmall inequality in 
the accelerating forces that act upon the primary 
planet and its ſatellites would produce very great ir- 
regularities in their motion. In all theſe caſes, equal 
velocitiesgbeing generated in equal times, the mo- 
tions of the bodies, and conſequently the gravities 
that produce theſe motions, muſt be proportional to 
the quantities of matter in the bodies; from which 
it follows, that all equal portions of matter, at equal 
diſtances from the centre of gravitation, are equally 
heavy; without regard to figure, bulk, or the tex- 
ture of their parts: and that che gravitation of bo- 
dies ariſes from the gravitation of the particles of 
which they are compoſed. 


2, Becauſe afjon is always equal to reaction, if 
on itil ſuppoſe the planets at equal diſtances from 
ine ſun, and therefore gravitating toward the fun 
with forces proportional to their quantities of mat- 
er, the fun will gravitate towards each of the pla- 


gets with forces in the ſame proportion, In general, 
U the 
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the ſame body gravitates towards any other bodies, 
at equal diſtances from them, with forces propor. 
tional to their quantities of matter; becauſe it gra. 
vitates toward them with the ſame forces with which 
they gravitate towards it, which are as their quanti- 
ties of matter. The power, therefore, that is ex- 
tended from the centre of the ſun and of each of the 
planets, to all diſtances around them, is, at equal 
diſtances from their centres, proportional to their 
quantities of matter: and, in general, it appears 
that the weight or gravity of a body is the greater, 
in proportion as its quantity of matter is greater, as 
the quantity of matter in the body to which it gra- 
vitates is greater, and as the ſquare of the diſtance 
from it is leſs. By compounding theſe three pro- 
portions together, the weight, and motion, of bo. 
dies, ariſing irom their gravitation, may always be 
determined. 


3. Gravity being found, by ſo many experiment; 
and obſervations, to affect all the matter of bodies 
equally, we have hence more reaſon ſtill to conclude 
its univerſality ; ſince it appears to be a power that 
acts not only at the ſurfaces of bodies, and on ſuch 
bodies as are removed at a diſtance from them, but 
to penetrate into their ſubſtance, and into that of all 
other bodies, even to their centres; to affect their 
internal parts with the ſame force as the external, to 
be obſtructed in its action by no intervening body 
or obſtacle; and to admit of no kind of variation 
in the ſame matter, but from its different diſtances 
only from that to which it gravitates. 


4. The action of gravity on bodies ariſes from it 
action on their parts, and is the aggregate of thele 
actions; ſo that the gravitation of bodies muſt ariſ 


trom the gravity of all their particles towards 0 
O cher. 
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other. The weight of a body toward the earth ariſes 
from the gravity of the parts of the body: the gra- 
vity of a mountain toward the earth ariſes from the 
gravitation of all the parts of the mountain towards 
it, The gravitation of the northern hemiſphere 
toward the ſouthern ariſes from the gravitation of all 
its parts towards it; and if we ſuppoſe the earth 
divided into two unequal ſegments, the gravitation 
of the greater toward the leſſer ariſes from the gra- 
vitation of all the parts of the greater toward the 
leſſer. In the ſame manner, the g avity of the whole 
earth, one particle being excepted, to card that par- 
ticle, muſt ariſe from the quantity of gravitation of 
all the other particles of the earth toward that par- 
ticle. Every particle, therefore, of the earth gra- 
vnates toward every other particle of it; and, for 
the ſame reaſon, every particle of matter in the ſolar 
yſtem gravitates toward every other particle in it. 


5. We now proceed to an important part of this 
doctrine, to determine the law according to which 
tie particles of bodies gravitate towards each other; 
ater having diſcovered the law which is obſerved by 
bodies compoſed of thoſe particles. To a ſuperficial 
enquirer, at firſt ſight, the former might poſſibly 
2ppear to be neceſſarily the ſame with the latter: but 
tis eaſily ſhewn, that the law which is obſerved in 
ne attractions of the minute particles of matter is 
oiten very different from that which is obſerved by 
pacres compoſed of ſuch particles, It, for exam- 
pe, the gravitation of the particles decreaſe in the 
ame proportion as the cubes of their diſtances in- 
eaſe, or in any higher proportion, the ſpheres com- 
puted of ſuch particles will not, gravitate towards 
each other with forces that decreaſe in the tame pro- 
Portion as the cubes of the diſtances of their centres 
create, or in that higher proportion; for ſpheres 
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in contact ſhall attract each other, in thole caſe, 
with a force infinitely greater than when they are te. 
moved to the leaſt diſtance from contact, tho? there 
be very little difference betwixt the diſtances of their 
centres in thoſe two caſes. This made it neecſlary 
for Sir Iſaac Newton to treat of this ſubject fulh; 
and as it is a very uſeful part of the theory of gra 
vity, but not to be underſtood, as he has delivered 
it, without a profound {kill in geometry and prolix 
computations, we ſhall endeavour to deſcribe it in 
more ealy manner, by chuſing (as on other occz- 
ſions) the moſt ſimple caſes. Suppoſe, firſt, tha 
the gravitation towards any particle deereaſes in the 
ſame proportion that the ſquare of the diſtance from 
it increaſes, let Pata, PBFÞ (Fig. 59.) be ſimilu 
cones conſiſting of ſuch particles, terminated by 
ſpherical baſes a ea, BS that have their centre in 
v; and the gravitation at P toward the ſolid pat, 
will be to the gravitation at Þ towards pF, as?4 
to PB, or in the ſame ratio as any homologous ſides 
of theſe ſimilar ſolids, For let mw m be any ſurſace 
{imilar to AE a, having its centre likewiſe in p; and 
the gravitation towards the ſurface A E 4 will be u 
that towards M Nn, in the ratio compounded of tit 
direct ratio of the ſurface At a to MN m (or patt 
PM*) and of the inverſe ratio of pa* to PM“, thi 
is, in the ratio of equality; conſequently, the g 
vitation towards the ſurface A E A a being repreſente 
by a, the gravitation towards the ſolid p A EA vill 
be repreſented by aXea, and that towards the ſim- 
lar ſolid pB rb by axes, which are in the ratio d 
PA toPB. In the ſame manner, the gravitatio 
towards the fruſtum that is bounded by _- ſurface 
t is ey. 
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ſolids PA Ea, PM Nn, is that of pa to pM; and 
that if aQ and Mg be perpendicular to px in Q and 
q, theſe forces reduced to the direction N will be 
ultimately in the ratio of top. Whence it ap- 
pears, that, if p be equal to Ba, the attraction of 
the particle y by the cone p &, with which the par- 
ticle is in contact, will be equal to the attraction of 
the fruſtum of the cone terminated by the ſurfaces 
ata, BF , when the attraction of the particles is 
ſuppoſed to increaſe as the ſquare of the diſtance de- 
creaſes; and that, in this caſe, the attraction of a 
portion of matter is not much greater when it is in 
contact with the particle attracted, than when it is 
removed to a ſmall diſtance from it, 


6. But it is otherwiſe when we ſuppoſe the at- 
traction of the particles to decreaſe as the cubes of 
their diſtances increaſe, For, in this caſe, the parti- 
cle v will tend to the ſurface N with a force that 
is as the ſurface, or the ſquare of pM directly, and 
the cube of p M inverſely ; that is, with a force which 
is as PM inverſely, or directly as M the ordinate of 
the æquilateral hyperbola K v 1, deſcribed between 
tie aſſymptotes pA and H. Therefore the attrac- 
tion of the fruſtum NEA will be meaſured by 
the hyperbolic area VIA bounded by the ordinates 
at à and M; and the attraction of the cone MN 
by the infinite hyperbolic area that is conceived to e 
formed betwixt the ordinate t v and the aſſymptote 
PH. It follows then, that, if ſuch a law could take 
place, the particle p would tend towards the leaſt 
portion of matter in contact with it, with a greater 
force than towards the greateſt body at any diſtance, 
bow ſmall ſoever, from it. The ſame is caſil 
e wn when the attraction of the particles decreaſes 
3 any powers of the diſtances, higher than their 
| Udes, increaſe, It appears, therefore, that the at- 
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traction of a particle in contact with a body is not 
ſenſibly increaſed by the addition or diminution 6 
new matter, at any diſtance, how ſmall ſoever, from 
the contact; whether this addition or diminution be 
made to the body or particle; and, in ſuch caſes, the 
leſs the particle is, the motions produced in it at in. 
finitely ſmall diſtances, by ſuch attractions, muſt be 
the more violent; becauſe the ſame force acting on 
a particle generates a velocity in it that is always 
Feuer in — as the particle itſelf 1s leſs. 


7. The ſme things may be demonſtrated without 
having recourſe to the property of the hyperbolic 
area, Let pA (Fig. 60.) be to p B, as PB topp; 
let A B and B D be conceived to be divided into an 
infinite number of ſimilar equal parts a &, Xl, &c. 
and ; m, mn, &c; then ak will be to B M as 45 to 
B D, and the matter between the ſurfaces whoſe radi 
are PA and v, ſhall be to the matter between the 
ſurfaces whole radii are ps and pm, as PA*Xakt 
PB B u; that is, as PA? to pB*. The attractive 
powers of equal particles placed betwixt the ſurfaces 
of the radii pa and &, and the ſurfaces of the radi 
PB and Pm, are in the inverſe proportion, or 25 
PB* to PA?, by the ſuppoſition ; and theſe two pro- 
portions compounded together give a ratio of equa- 
lity. Theretore, becauſe the attractive powers 0 
the matter bounded by two ſuch ſurfaces are in the 
compound ratio of the attractions of equal particles, 
and of the number of particles, it follows that the 
attraction of the matter contained by the ſurfaces 6: 
the radii p a and & mult be equal to the attraction 
ol the matter contained by the ſurfaces of the racil 


pn and pm, In the ſame manner the attracion cf 


the matter contained by the ſurfaces whoſe radii are 
Pk and , is equal to the attraction of the matter 


between the ſuriaces whoſe radit are m and * 
| | 3 and 
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and the attraction of the fruſtum ar as rb is equal 
to the attraction of the fruſtum Br þDGd, In the 
ſame manner, if p be to pp, asPD tou, the 
attraction of the fruſtum HR appears to be 

ual to the attraction of the fruſtum a gEaBrb; 
and if this ſeries of decreaſing geometrical propor- 
tionals be continued, the attraction of the fruſtum 
contained by ſurfaces whole radii are any two ſubſe- 
quent terms of the progreſſion, mult be equal to the 
attraction of the firſt fruſtum A EAHB rb. But in this 
decreaſing progreſſion continued from p the num- 
her of terms is infinite; and in the ſolid p B x þ there 
is an infinite number of fruſtums, the attraction of 
each of which is equal to the attraction of the firit 
fruſtum terminated by the ſurfaces A E a, BF; there- 
fore the attraction of the ſolid ꝝ , which is in 
contact with the particle p, is infinitely greater than 
the attraction of the fruſtum bounded by the ſur- 
faces A E A, B F, Which is the greater ſolid, but is 
removed from the contact of the particle p. We 
uye taken this opportunity to illuſtrate and demon- 
ſtrate this theorem here, becauſe it will be of uſe to 
us afterwards, and ſerves to ſhew the advantages of 
tne law of gravity which takes place in the ſolar 
ſyſtem above other laws; tho' theſe, on other occa- 
kons, may be preferable. 


8, The gravitation of the particles being ſuppoſed 
to decreaſe as the ſquares of their diſtances increaſe, 
tue forces with which particles, ſimilarly ſituated with 
relpect to ſimilar homogeneous ſolids, gravitate 
towards theſe folids, are as their diflances from any 
points ſimilarly ſituated in the folids, or as any of 
teir homologous ſides. For ſuch ſolids may be 
conceived to be reſolved into ſimilar cones, or trut- 
wms of cones, that have always their vertex in the 
articles, and the gravitation towards theſe cones, or 

932 truſtums, 
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truicums, will be always in the ſame ratio by , 
But it the gravitation of the particles decreaſe 3; 
the cubes ot the diſtance increaſe, the forces, with 
which particles, ſimilarly ſituated with reſpec tg 
ſinular homogeneous ſolids, tend toward thoſe ſolids 
ſhall be equal. For ſuch {ſolids being reſolved into 
ſimila: tu ums of cones that have always their ver. 
tex 10 thy pariicles, and are ſimilarly ſituated with 
reſpect to them, tt gravitation towards theſe fruf, 
trums will be always cqual, by what was ſhewn in 
the laſt article; in the ſame manner as the forces 
wich which the particle h tends coward ſimilar fruf. 


tus AE&aBFL, DGAARþ were demonſtrated to be 
equal, 


9. The gravitation of the particles being ſuppoſed 
to decreaſe as the ſquares of their diſtances trom tach 
other increaſe, if a particle be placed within the hol- 
low ſolid generated by the annular ſpace terminated 
by two concentric circles, or {1milar concentric cl. 
lipſes, aDBt ard ade, (Fig. 61.) revolving about 
th. axis AB, it ſhail have no gravity towards this 
ſoh}. For let p be any ſuch particle, pr any right 
linc trom p that meets the internal circle or elliple in 
any points f and 4, and the external figure in and 
7; then if xr be biſected in x, fq will be likewile 
biſected in z, becauſe the figures are ſimilar and fimi- 
larly ſituated; conſequently fx is equal to 97; and 
the gravitations of p towards oppoſite fruſtums 0 
the ſolid that have their vertex in p, and are term. 
nated by the ſame right lines produced from p, with 
oppoſite directions, will be always equal, by F 5 
and mutually deſtroy each others effect. It follows 
from this, that the gravity of any point @ in the 
ſemi-diameter o, towards the ſphere or ſpheroid, 
is to the gravity at p, as cq to pc, ſuppoſing the 
point C to be within the ſolid ; becauſe the * 

[10 
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tion towards the ſolid generated by the annular ſpace, 

which is included between ayB and à Q, has no 

effect upon a particle at ; fo that the grayity at Q 
towards the whole folid a DBE is the ſame as the gra- 
vity at Q towards the ſolid ade, which is to the 
gravity at Þ towards the folid appz as cd to or. 
by the laſt article. It appears, therefore, that when 

a ſphere or ſpheroid, of an uniform denfity, contiſts 

of particles that attract with a ferce decreaſing as the 
ſquare of their Ciſtance increaſes, the gravitation 
towards the ſolid decreaies from the ſurtace to the 
centre, in any given ſemidiameter, in the ſame pro- 

portion that the diſtance from the centre decreaſes. 


10. Suppoſe now the particle p (Fig. 62.) to be 
placed without the ſphere A DB E, at the diſtance 
ec from the centre c; and this particle ſhall be at- 
trated towards the ſphere with a force that decreaſes 
as the ſquare of the diſtance p increaſes, For let 
Pn M be any right line from p meeting the gene- 
rating ſemicircle A D in x and u, and the arc cu, 
delcribed from the centre p with the radius Pc, in I.; 
lt yum be another ſuch right line from p, conſti- 
tuting an infinitely ſmall angle with pu, meeting 
the ſemicircle in , m, and the arc ch in?; draw 
LR, Ir, perpendicular toyc ink and r, and cv 
perpendicular to p M in v. Suppoſe another circle 
ad Be to interſect the circle A DBE in the axis 
aB, and to conſtitute with it an infinitely ſmall 
angle; and let L# and I x, perpendicular to the 
plane à p B, meet A dB in and x, Then the gra- 
tation of the particle p, towards the matter in 
the phyſical ſurface Lux/, ſhall be meaſured by 


Lixlu LulxLu 3 
F conſequently the gravitation of v 


towards the pyramidical fruſtum, terminated by the 


circular planes a bB and A d B, and by planes per- 
pendicular 
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pendicular to ADB in NM and #1, ſhall be mea. 


ſured by — —X NM, by § 5. of this chapter, But, 


the angle contained by the planes ap B, ad, being 
given, Lu is to LR, as p d, the arc intercepted by 
theſe circular planes at the diſtance c p, to cp (or 
c A;) and, LI being to xx, as p, or vo, to L R, 
ſo that L IX Lx is equal to p Xx R] it follows that 
the gravitation of p towards that fruſtum ſhall be 


[ 
meatured. by EE or ENSYNNDT 


PE RED PCXCa 
This gravitation is reduced to the direction pc by 
diminiſhing it in the ratio of py, or PR, to PC; 
hd RV YR 


and is then meaſured by 


ea x re“ nn 


(the ſimultaneous increment of v being repreſented 
by vo, and pR*, or pv*, being equal to vu“ 
NPM, by Eucl. 2. 6. or to vm*+aPs, ſo that 
APB being conſtant, the increments of PR“ and 


vu muſt be equal, and Rr R equal to v oXv i) 


Fi 2 7 A * . 
by 2X22 ; which is the ſimultaneous incre- 


CAXPC®* 


Re. . 
ment of = in the ſame manner as the incre- 
n 


ment of vM*, while vn acquires the infinitely ſmall 
augment vo, is 3VM*xvo. Therefore the attrac- 


tion of the part of the ſlice of the ſphere terminated. 


by the circular planes A DR, ad B, which is cut off 


by a plane perpendicular to ap 8B in the right line 


n A 3 , 
NM, is as *r and the attraction of the 
A 


portion of the ſphere which is generated by the re- 
volution of the ſegment M about the axis aB 
bearing the ſame proportion to the attraction of that 
ſlice, as the circumference of the whole circle to the 
2 v 13 
$p c* 
preſſes the ratio of the circumference of a circle 0 

3 the 


. . C c 
arc p d, it is meaſured by = „where F ex- 
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the radius; and conſequently is directly as the cube 
of the chord MN, and inverſely as the ſquare of 
p c, the diſtance of the particle p from the centre of 
the ſphere. Hence the gravity at v towards the 
whole ſphere is as the cube of its diameter, or its 
quantity of matter (the denſity being given) direct- 
ly, and the ſquare of the diſtance pc inverſely, the 
chord M N coinciding with the diameter A B, when 
the attraction of the whole ſphere is conſidered ; fo 


. * 3 
that this attraction is meaſured by — er. 


11. It appears from what has been ſhewn, that 
any particle p, without the ſphere, 1s attracted 
it with the ſame force as if the whole matter of the 
ſphere was collected in the centre, and attracted as 
one particle from that centre. For the circumference 


of the circle A bB E is expreſſed by C A, its area 


by — —X —, the ſurface of the ſphere by —X 2c A“, 


2 c A* 


and its ſolid content by —y; ſo that the at- 


traction of this ſolid content acting from the centre 
c, at the diſtance pc, is meaſured by yy 24" 
#4 © 

the very ſame which meaſures the attraction of the 
ſphere at that diſtance, by the laſt article. The 
me is to be ſaid of the gravity towards the aggre- 
gate of any number of ſuch ſpheres that have a com- 
on centre; from which it follows, that however 
rariable the denſity of a ſphere may be at different 
citances from the centre, provided the denſity be 
always the ſame at the ſame diſtance from it, the 
gravity of a particle (that is not within the ſphere) 
wards it will be as the quantity of matter in the 
chere directly, and the ſquare of the diſtance of the 


parti- 
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particle from its centre inverſely, If the attraction 
of the particles increaſed or decreaſed in the ſame 

tion as their diſtances increaſe or decreaſe, the 
ſphere would act, in this caſe likewiſe, in the ſame 
manner as if all its matter was lodged in the centre 
as one particle; but the caſe is different when the at- 
traction of the particles obſerves other laws. Sup- 
poſe that the attraction of the particles is inverſely 
as the power of the diſtance of any exponent leſs 
than 3, and the attraction of a ſphere conſiſting of 
ſuch particles, at its ſurface, will be to the force with 
which the whole matter of the ſphere collected in 
its centre would attract at the fame diſtance, as 

2— 
3X2 to 3—2X5 —n If, for example, the 
attraction of the particles be the ſame at all diſtances 
(in which caſe we ſuppoſe z o) this ratio is that of 
4 to 5; and if the attraction of the particles be in- 
verſely as their diſtance, it is that of 3 to 4; as we 
have ſhewn elſewhere *. 


12. Having ſhewn that when the particles gravi- 
tate towards each other with forces that are inverſely 
as the ſquares of their diſtances, the action of a 
ſphere upon a particle placed without it obſerves the 
ſame law as that of the particles themſelves, and de- 
creaſes in the fame proportion as the ſquare of the 
diſtance of the particle from the centre of the ſphere 
increaſes ; it follows, becauſe a#ion and reaction are 
equal, that the particle will attract the ſphere by a 
force varying in the ſame proportion; and if, in 
place of the particle, a ſecond ſphere be ſubſtituted 
conſiſting of ſuch particles, ſince the total action of 
this ſecond ſphere will be the ſame as if all its matter 
was lodged in its centre, therefore the two ſpheres 


® Treatife of Fluxions, 5 902. 
muſt 
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muſt obſerve the ſame law, in acting upon each 
other, as two particles placed in their centres; that 
is, their attraction muſt decreaſe in proportion as 
the ſquare of the diſtance betwixt their centres in- 
creaſes. 


13. The gravitation of bodies having been re. 
ſolved by Sir Iſaac Newton into the gravitation of 
their particles, and the law which is obſerved by the 
gravity of bodies having been diſcovered from the 
phænomena deſcribed at length above; it appears 
from the preceding concluſions, that the gravity of 
the particles of which the bodies are compounded 
obſerves the very ſame law, He was likewife en- 
abled, by the ſame ſteps, to determine the progreſs 
of gravity from the centre of any ſphere to the 
oreateſt diſtance from it, At the centre a particle 
can have no graytty at all, being equally attracted 
every way by the matter of the ſphere about it. If 
it is placed within the ſphere at ſome diſtance from 
the centre, its gravity will be the greater, the greater 
this diſtance is, by FJ 9; for theſe parts of the ſphere 
only having an effect upon it that are at a leſs diſ- 
tance from the centre than itſelf, and its gravity 
being as the attracting matter directly and the ſquare 
ol the diſtance from the centre reciprocally, ſince the 
matter is as the cube of the fame diſtance, the gra- 
vity muſt be as the diſtance itſelf. From the centre 
to the ſurface, its gravity increaſes in proportion as 
its diſtance from the centre increafes ; at the ſurface, 
its gravity is greateſt ; and from the ſurface upwards, 
ts gravity decreaſes in proportion as the ſquare of its 
diſtance from the centre increaſes ; regularly ob- 
ſerving this law to the utmoſt limits of ſpace. Here 
we ſpeak of the accelerating power of gravity, which 
iS proportional to the velocity that it is able to gene- 
rae in any given ſmall moment of time; and ſince 

it 
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it generates the ſame velocity in the ſame time in all 
bodies whatſoever at the ſame diſtance, it follows 
that their weight or motion ariſing from it, muſt he 
proportional to their quantities of matter. In ge. 
neral, to eſtimate the weight or motion of any ſphere 
that is attracted by another whole parts are equally 
denſe at equal diſtances from its centre, we are to 
meaſure 1t by compounding three proportions, that 
of the matter in the heavy bodies that gravitate, 
that of the matter in the attracting ſpheres to which 
they gravitate, and the reciprocal proportion of the 
ſquares of the reſpective dittances betwixt the cen- 
tres of the ſpheres that tend towards each other; 
and this is the law which we found from the phæ. 
nomena to take place in the ſyſtem, See art. 2. of 
this chapter. 


14. Thus Sir I/aac Newton diſcovered and fully 
deſcribed, from undiſputed obſervations and unex- 
ceptionable calculations, this ſimple principle of the 
gravitation of the particles of matter rowards each 
other; which being extended over the ſyſtem to all 
diſtances, and diffuſed from the centre of every 
globe, is the chain that keeps the parts of each toge- 
ther, and preſerves them in their regular motions 
about their proper centres. The fame gravity, 
which is ſo well known to us on the earth, affects 
them all; the whole maſs of the fyſtem is, in this 
reſpect, of a piece; and this one principle, ſo regu- 
larly diffuſed over the whole, ſhews one general in- 
fluence and conduct, flowing from one cauſe equaliy 
active and potent every where, Several obſervations 
have been made of late that greatly confirm his doc- 
trine, and particularly ſerve to ſhew that the gravi- 
tation towards bodits ariſes from the gravitation 
towards their particles. Of this kind are the mea- 


fures of a degree on the meridian made lately, with 
| great 
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great accuracy, by the French mathematicians ; and 
che declination of the plumb-line from the true ver- 
ical, in conſequence of the attraction of a great 
mountain in the neighbourhood, 


CAE. . 


| Of the quantity of watter, and denſity, of the ſun and 
| planets. 


. HUS far our author aſcends by way of 
analy/is, tracing the cauſes from their ef- 

fects, and from the coincidence, or perfect ſimila- 
rity, of many effects, ſhewing the cauſe to be more 

| general, But in order to deſcend by the fynthefes, 
| and to determine the effects from the caule now 
known, it was not ſufficient to eſtabliſh the general 
gravitation of the particles of matter; it was requi- 
fite to determine, as far as poſſible, the quantities of 
the powers which act in the ſyſtem, We have ſeen 
that there 1s a gravity extending from each body in 
the ſyſtem on all ſides, at equal diſtances from their 
centres proportional to their quantities of matter. 
We know, from experience, the force of this power 
at the ſurface of our own earth, and have ſeen how 
to eſlimate its efficacy at any other diſtance, In 
order to be able to eſtimate all the powers in the 
ſyſtem directed to their different bodies, it is neceſ- 
ary to determine the proportion of their quantities 
of matter to chat of our earth. If this is once ob- 
tained, all the powers that operate in the ſyſtem 
being known, it will require no more but a ſkilful 
application of geometry and mechanics to determine 
tne motions and phenomena of the celeſtial bodies, 
wich all flow from them. 
| 3; 
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2. To meaſure the matter in the ſun and plan, 
was an atduous problem, and, at firſt ſight, ſeems 
above the reach of human art. But the principles 
this philoſophy afforded a natural and eaſy folutiq, 
of it in the moſt important caſes, and Sir 1ſa 
Newton has determined the proportions of the mt. 
ter that is in the Sun, Jupiter, Saturn, and the 
Moon, to that in our £a7th ; that is, he has ſhewed 
how many earths might form a Sun, a Jupiter, or 
Saturn. To underſtand how he was able to diſco 
ver this, we are to fecollect that tht matter in each 
of theſe is in the ſame proportion as the force of gra. 
vity toward them, at equal diſtances from their cen. 


A —_ F _ 
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\ 
tres. We know the force of gravity towards our c 
earth from the deſcent of heavy bodies, and allo by ſ 
calculating how much the moon falls below the tar. 7 
gent of her orbit in any given time. We have no l 
experience of any rectilineal deſcent of heavy bodie a 
toward the Sun, Jupiler, or Saturn; but as the pri ti 
mary plaficts revolve about the ſun, and their ſatei ſy 
lites revolve about Jupiter and Saturn, by computing th 
from their motions how much a primary planet fall tr 
below its tangent in a given time, and how much to 
any of Jupiter's and Saturn's ſatellites fall below their 2 
tangents in the ſame time, we are able to determi WW th 
the proportion which the gravity of a primary plant: WW po 
to the ſun, and of a ſatellite towards its primary, n 
bears to the gravity of the moon towards the earth, ea 
in their reſpective diſtances : then from the genera N 
law of the variation of gravity, the forces that wou BW th: 
act upon them at equal diſtances from the Sun, n. ab: 
Piter, Saturn, and the Earth are computed; hid 


give the proportion of the matter contained in thek 
different bodies, 
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3. That the quantity of matter in Jupiter is 
greater than the quantity of matter contained in the 
earth, we may eaſily learn from the motion of his 
ſatellites ; all of which revolve about his centre in 
leſs time than the moon revolves about the earth, 
and are all, excepting the firſt, at a greater diſtance 
from his centre than the moon is from the earth, 
The ſecond fatellite is farther diſtant from Jer 
than the moon 1s from the earth in the proportion of 
2 to 2 nearly; and moves in an orbit greater in the 
{ame proportion, But this fatellite finiſhes its revo- 
lution in 3 days, 13 hours, which is leſs than a fe- 
venth part of the moon's periodic time about the 
earth; conſequently its motion muſt be much more 
ſwift than that of the moon. A ſatellite nearer Ju- 
piter would move ſtill more ſwiftly than this ſatel- 
lite: ſo that if a ſatellite revolved about Jupiter at 
a diſtance from his centre equal to the diſtance of 
the moon from the earth, it would move much more 
ſwiftly than the moon moves about the eaith, and 
therefore would be acted on by a much greater cen- 
trpetal force; for it requires always a greater force 
to bend into the ſame orbit a body that moves with 
a greater velocity. But the quantities of matter in 
the central bodies are proportional to their attractive 
powers at equal diſtances, and therefore the matter 
n Jupiter muſt very much exceed the matter in the 
earth. In like manner, we may eaſily obſerve that 
Mercury revolves about the ſun in very little more 
than thrice the time in which the moon revolves 
about the earth, and yet moves in an orbit about 
140 tunes greater, being ſo many times farther diſ- 
tant from the centre of his motion ; from which it is 
aly to ſee that if a ſatellite revolved about the earth 
a far diſtant from it as Mercury is from the ſun, 
s ſatellite would move vaſtly ſlower than Mercury: 

| X whence 
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whence it follows that the attractive power of the 
ſun muſt be vaſtly ſuperior to that of the earth, and 
therefore that the ſun muſt contain vaſtly more mat. 
ter than the earth. The matter in Saturn is alſo 
tound to be greater than that in the earth. From 
our author's calculations, founded on theſe princi. 
ples, it follows that the quantities of matter in the 
Sun, Jupiter, Saturn and the Earth are to each other 


as the numbers 1, sr, rr, Tyr. 


4. The quantities of matter in theſe bodies being 
thus determined, and their bulk being known from 
aſtronomical obſervations, it is eaſy to compute what 
matter each of them contains in the ſame bulk; 
which gives the proportion of their denſities, Thus 
our author finds the denſities of the Sun, Jupiter, 
Saturn and the Earth, to be as the numbers 100, 
94x» 07 and 400. 


From which it appears that the earth is more 
denſe than Jupiter, and Jupiter more denſe than c- 
turn; that is, thoſe planets which are nearer the ſun 
are found to be more denſe, by which they are en- 
abled to bear the greater heat of the ſun. This is 
the reſult of our moſt ſubtile enquiries into nature, 
that all things are in the beſt ſituations, and diſpoſed 
by perſect wiſdom. If our earth was carried down 
into the orb of Mercury, our ocean would boil and 
ſoon be diſſipated into vapour, and the dry land 
would become uninhabitable. If the earth was car 
ried to the orb of Saturn, the ocean would freeze at 
ſo great a diſtance from the ſun, and the cold would 
ſoon put a period to the life of plants and-animab. 
A much leſs variation of the earth's diſtance from 
the ſun than this would depopulate the torrid zone 
it the earth came nearer the ſun, and the temperate 
Zones, if it was carried from the fun, A leſs bo 
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at Jupiter's diſtance is adapted to the greater rarity 

o his ſubſtance : the conſequences might be as fatal 

in Jupiter, if he was carried into the orb of the 

carth, as it would be to us to be carried into the orb 

of Mercury. The ſtill greater rarity of Saturn is 
| fitted to his more remote orb; ſo that tho' he is the 
laſt of the planets, and receives go times leſs light 
and heat from the ſun than we do, he may never- 
theleſs be in the belt ſituation that could poſſibly be 
aſſigned him in the ſyſtem ; and there the ſituation 
of Jupiter, and of all the lower planets, may appear 
as terrible as that of Mercury does to us. Saturn 
terminates the planetary revolutions ; and, as if the 
heat of the ſun was too weak in the higher orbs, 
we find no bodies revolving higher, but ſuch as de- 
ſcend in ſome part of their orbit nearer to this great 
centre of light and heat, Upon the whole we have 
reaſon to conclude, that they are all diſpoſed in ſuch 
order, and in ſuch ſituations, from which any con- 
liderable vatiation would produce fatal effects. The 
hypotheſis of Des Cartes led him to place the more 
denſe planets at a greater diſtance from the ſun ; but 
a philoſophy founded on the obſervation of nature 
correſponds better with the final cauſes of things, 
of proves, on every occaſion, the wiſdom of the 
author. 


5. As aſtronomers have found no ſatellites re- 
volving about Mercury, Venus, or Mars, we are de- 
prived of the like opportunities of comparing their 
attractive powers and proportional quantities of mat- 
er. But it is highly probable, from what we have 
lad of the Earth, Jupiter and Saturn, that the den- 
ties of the other planets correſpond to their diſtances 
om the ſun, and are greater in the nearer planets. 
ur author has alſo computed the proportion of the 
tative powers of the Sun, Jupiter, Saturn, and 

X 2 the 
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the Earth, at their reſpective ſurfaces, and find: 
them to be in proportion as theſe numbers, 10000 
943, 529, 435, reſpectively. From which it ap- 
pears, that the force of gravity towards theſe ve 
unequal bodies approaches ſurpriſingly to an equality 
at their ſurfaces ; ſo that tho* Jupiter be ſeveral hun. 
dred times greater than the earth, the force of gra. 
vity at his ſurface is very little more than double 
what it is at the ſurface of the earth; and the force 
of gravity at the ſurface of Saturn is but about 
greater than that of terreſtrial bodies. 


6. The moſt conſiderable powers that act in the 
ſyſtem being thus determined; before we proceed to 
conſider their effects, it is neceſſary, firſt, to enquire 
whether they act in a void, or if there is any medium 
that reſiſts the motions produced by them. We 
find that the air makes a conſiderable reſiſtance to 
the motion of projectiles near the earth; which, it 
it extended unto the planetary regions, would all 
very conſiderably affect their motions. But experi 
ments ſhew that the denſity of the air is proper: 
tional to the force that compreſſes it, and that the 
weight of the ſuperincumbent atmoſphere is the torce 
which compreſſes the air in every altitude; ſo that 
the higher any portion of air is, having a leſs weight 
of air above it to compreſs it, it muſt have leſs cen 
fity in the ſame proportion : and from this it follows 
that if we abſtract from the diminution of gravity 
and the altitudes from the ſurface of the earth © 
taken in arithmetical progreſſion, the denſities of tis 
air at theſe altitudes will decreaſe in geometrical pic 
greſſion *. Since, therefore, it appears from ſeve! 
experiments, made in France and England, that 1 


see Dr. Holley in PLil. Trad. N® 181, and Schol, Prop. 
Lib. II. Prircip. | 
1 denſ 
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denſity of the air decreaſes in ſuch a manner, that 
at the height of ſeven perpendicular miles it is about 
* of the denſity it has at the level of the ſea, at 14. 


miles it muſt be g of it, at 21 miles r, at 28 


miles 534 At 35 miles Ter, At 42 miles Torge At 
the height of 49 miles 444+ part of it, and at the 
height of a ſemidiameter of the earth altogether in- 
ſenſible. It appears from the laws of motion, and 
from many accurate experiments, that the reſiſtance 
of fluids, ariſing from the inertia of their matter, is 
proportional to their denſity ; and therefore the re- 
ſiſtance of the air, tho? ſenſible at the ſurface of the 
earth, would be 16384 times leſs at the height of 


49 miles, and could not be ſenſible in the greateſt . 
number of ages at the height of a ſemidiameter of 


the earth: it muſt be ſtil] leſs at the diſtance of the 
moon, which therefore, meeting with no reſiſtance, 
continues to revolve for ever in her orbit, without 
any impediment or diminution of motion, As for 


a more ſubtile medium than the air, no experiments 


nor obſervations ſhew that there is any here, or in 


the celeſtial ſpaces, from which any ſenſible reſiſt- 
ance can ariſe, 
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B O O K IV. 


The effefts of the general porer of gravity di. 
duced ſynthetically. 


« = „ "Iz r * ata. 


CHAP. L 
Of the centre of the ſolar ſyſtem. 


15 IR Iſaac Newton having eſtabliſhed the ge. 
neral principle of the gravitation of the par- 

LF ticles of matter, and having determined the 
chief powers that act in the ſyſtem, viz, thoſe which 
tend to the Sun, Jupiter, Saturn, and the Earth; 
and having found that the celeſtial. motions: are per- 
formed in free ſpaces, where the reſiſtance is inſen- 
ſible ; he has now prepared the way for proceeding 
Hntbelically in his account of the ſyſtem. of the 
world, and enquiring into the various effects that 
ariſe from a power ſo evidently eſtabliſhed. Any 
general principle aſcertained in nature is a great ac- 
quiſition to philoſophy, eſpecially when the variations 
of this power, with its direction and force, are clear- 
ly determined; and the fertility of this principle 
will appear from the various phænomena reſolved 
by it Hntbetically, of which we are now to treat. 
Sir 1ſaac Newton begins with enquiring into the cen- 
tre of the ſyſtem. The Pythagoreans aſcribed this 
place to the centre of the ſun, the followers of Ar- 
ſtotle and Ptolemy to the earth. But Sir Iſaac, having 
found that theſe gravitate towards each other and 
towards all the other bodies in the ſyſtem, ma 
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of them, nor indeed any body in the ſyſtem, can be 
ſuppoſed to be void of all motion. 


2. It is the centre of gravity of the whole ſyſtem 
that is the only point which can be ſuppoſed quicſcent 
in it; the ſame point about which all the matter of 
the ſyſtem would ſoon be accumulated, if the pro- 
greſſiwe motions of the bodies in it were deſtroyed, 
and their gravity was permitted to bring them toge- 
ther. The mutual actions of bodies on each other 
never affect the ſtate of this centre; their attracting 
or repelling each other produces no effect upon it; 
and it muſt either be quieſcent, or proceed uniform- 
ly in a right line. All ſeem agreed that the centre 
of the ſyſtem is at reſt, and no reaſon or obſerva- 
tion argues for our aſcribing any motion to it. The 
centre of gravity of the ſyſtem is, therefore, the 
only immoveable point, while all the bodies in the 
ſyſtem move round it with various motions. 


2. As we have our knowledge of gravity, and 
the laws of nature, from what paſſes on the ſurface 
of the earth, we cannot illuſtrate the motions of 
the bodies of the ſolar ſyſtem, ariſing from their 
mutual gravity, better than by ſome images we find 
of them on the earth, after having ſhewn ſo fully 
the ſimilarity of the powers that act on the parts of 
the earth and on the celeſtial bodies. We know 
that when, by any power or machine, a body is 
projected in the air, the power reacts on the eartk 
with an equal force, and that if the power was ſuf- 
cient to project a mountain or a much larger part 
of the earth, it would act on the remainder of the 
earth with an equal force, in an oppoſite direction; 
o that while the projected part began to move in its 
curve, the remainder of the earth would begin at 
tae ſame time to move in an oppoſite direction, with 

X 4 an 
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an equal quantity of motion, but with a velocity ſo 
much leis as the matter in it is greater than in the 
projected part; and both would revolve in certain 
orbits about the common centre of gravity, which 
would continue in the ſame ſtate as before the pro- 
jection. If, by the reſiſtance of the medium, the 
motions of theſe parts of the earth came to be de. 
ſtroyed, they would come together again and be 
accumulated in one maſs about the ſame centre, If 
there were more ſuch parts of the earth projected, 
the centre of gravity ot all would be no way affected 
by ſuch projections, but they would move round it, 
ſo that the ſum of the motions on one fide of it 
ſhould be equal to the ſum of the motions on the 
other ſide: and this obtains even in thoſe ſmall mo- 


tions that are every day produced by powers and 
agents on the earth. 


4. The motions of the great bodies in the ſolat 
ſyſtem are analogous to theſe: the different parts of 
the ſolar ſyſtem gravitate to each other, as the parts 
of the earth gravitate towards one another; and the 
different parts of the ſyſtem move in the ſame man- 
ner about their common centre of gravity, as the 
parts into which we ſuppoſed the earth to be divided, 
if projected in any direction, would all move about 
their common centre of gravity; or as the earth, 
and all the bodies that are actually projected every 
day on its ſurface, revolve about the common centre 

of gravity of the earth and theſe projectiles, Only 
there is this difference, that the bodies of the great 
ſyſtem were projected at great diſtances from each 
other, and in ſuch a manner that the planets revolve 
in orbits almoſt circular, ſo as not to come too near 
to the ſun, or to be carried too far from him, in their 
revolutions, The creator of the world had in vain 
made them of denſities adapted to certain diſtances, 
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it he had not projected them with the forces that 
| were requiſite to preſerve them revolving at thoſe 
F diſtances, or near to them; and as the greatneſs of 
ce force impreſſed on thoſe vaſt bodies, ſome of 
which are many times greater than our earth, ſhews 
che power, its juſt quantity, varied regularly in the 
diſterent diſtances of the planets, and its proper di- 
rection, ſhew the ſkill of the firſt mover, 


5, We may ſuppoſe that all the matter of which 
| the ſyliem conſiſts was formed firſt in one mals, 

where now the centre of gravity of the whole ſyſtem 
is found; that of this maſs various bodies were 
| formed, and ſeparated from each other to proper 
| diſtances, where they received their projectile mo- 
tions; and that the powers which ſeparated and 
moved them obſerved the law of nature that re- 
quires an equality between action and reaction, and 
is obſerved in all the actions of powers at preſent : 
and thus theſe motions would begin, and continue 
for ever, without producing any motion in the cen- 
tre of gravity of the ſyſtem, 


6. When the bodies were thus moved in their juſt 
orbits, we may conceive ſome of them to have been 
ſubdivided again, by actions obſerving the fame 
laws, into ſeveral other bodies, which in like manner 
were formed into leſſer ſyſtems; as that of the earth 
and moon, thoſe of Jupiter and Saturn and their 
ſatellites. There is not any of theſe quieſcent in its 
particular ſyſtem ; the earth and moon move about 
their common centre of gravity, while it is carried 
with a regular motion round the centre of gravity of 
the whole ſyſtem. The ſame is to be ſaid of Jupiter 
and Saturn and their ſatellites; and it is certain from 
the laws of nature, that the motions in any leſſer 


lyſtem about its centre of gravity, and the motion 
of 


314 Sir Isaac NEwTOx's Bock lx. 


of that centre about the centre of gravity of the 
whole ſyſtem, interfere not with each other, 


leſſer ſyſtem being thus formed, one of the bodies; il 
that compoſe it might be ſubdivided into leſſer bodies v 
that might form a ſyſtem of an inferior order. BN 
we do not find that nature carries this ſubordinatign 4 


ſo far, unleſs we would conſider the motion of pro. 
jectiles, near the ſurfaces of the ſecondary planus, 
as an example of this kind, 


7. It is next to be conſidered, where this point of 
reſt of the common centre of gravity of the ſyſtem 
is to be found; and it is plain from what we have 
already ſeen, that it can never be far removed from 
the ſun, becauſe the matter in the ſun valtly excceds 
the matter in all the planets taken rogether : and, 
from what we ſaid of the centre of gravity above, it 
appears that it is always nearer the greater body in 
proportion as it is greater. Jupiter is the largeſt of 
the planets, and yet is but ++ of the ſun, fo that 
their centre of gravity muſt be 1067 times nearer 
the ſun than Jupiter; and as the diſtance of Jupiter 
is little more than 1067 ſemidiameters of the ſun, it 
follows that the centre of gravity of the ſun and 
Jupiter cannot be much above the ſurface of the ſun, 
Saturn is leſs than Jupiter both in bulk and denſity, 
and the centre of gravity of the Sun and Saturn falls 
within the body of the ſun: and thus it eaſily ap- 
pears, that tho” all the planets were on one fide of 
the ſun in one line, the centre of gravity of the ſun 
and them all could ſcarcely be above a ſemi-diameter 
of the ſun from his ſurface : and this is the fartheſt 
that the ſun is ever removed from that centre. It 
appears, therefore, that tho? the ſun is in perpetual 
agitation about this centre, yet, being always ſo near 
it, he may very well be conſidered by aſtronomers 


as the centre of the ſolar ſyſtem. Thus, tho' the 
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terraqueous globe receives an impreſſion from every 
wer that move projectiles in the air, and is, to 

jpeak accurately, agitated a little by theſe powers 

with a very complex motion, yet we conſider it as 

| at reſt, neglecting ſuch exceeding minute actions 
and their effects. 


HAF. . 


Shewing how gravity produces ſome ſmall irregularities 
in the motions of the planets. 


1. F the planets were acted on by a power di- 

rected to the centre of the ſun only, varying 
according to the general law of gravity, and that 
centre was quieſcent, their motion about it would be 
perfectly regular. But we found that each of the 
planets was ated on by a power directed to every 
body in the ſyſtem. In order to judge of the effects 
of theſe actions, our author firſt ſuppoſes two bodies 
equally gravitating towards each other, and re- 


volving about their common centre of gravity : 


and, fince the direction of their mutual gravitation 
paſſes always from the one to the other through their 
centre of gravity, and their diſtances from it vary 
always in the ſame proportion as their diſtances from 
each other: it follows, that they muſt deſcribe equal 
areas in equal times about that centre, and abour 
each other, and deſcribe ſimilar figures about that 
point and about each other . So that in the mo- 
tions of two bodies no irregularities ariſe in their 
motions about each other from their mutual attrac- 
tions ; whatever the law of their gravity be ſuppoſed 
to be: only they will finiſh their revolutions about 


Princip. Lib, I. Prop. 58. b 
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the centre of gravity in leſs time than if the one 
was to revolve about the other quieſcent, at the 
ſame diſtance, and with the ſame centripetal force 
becauſe the orbit deſcribed about the centre of gra. 
vity being leſs than that which is deſcribed by any 
one of them about the other quieſcent (their diſtance 
from each other being equal in both caſes) and being 
alſo ſimilar to it, it muſt be deſcribed in leſs time. 


2. If three or more bodies mutually attract each 
other, the gravitation of any one, ariſing from the 
actions of the reſt, may be determined by the rule 
for the compoſition of motion ; and if the law of 
gravity be ſuch as we find to obtain in the ſolar ſyſ- 
tem, its gravitation will not be always directed to 
the centre of gravity of the other bodies, or indeed 
to any fixed point, but ſometimes to one ſide of that 
centre and ſometimes to the other; and therefore, 
equial areas will not be deſcribed in equal times about 
any point in the ſyſtem, and ſeveral irregularities 
will neceſſarily ariſe in the motions of the bodies, 
But if you ſuppoſe one of theſe bodies to be vaſtly 
greater than the reſt, ſo that the actions of the other 
bodies may be neglected if compared with its action, 
and the centre of gravity of the ſyſtem be always 
found near it, then the irregularities in the motions 
in ſuch a ſyſtem will be very ſmall, The areas de- 
ſcribed in equal times, about the centre of that great 
body, will be nearly equal, and the orbits deſcribed 
will be nearly elliptic, having that centre in their 
focus. That this is the caſe of the ſun and planets, 
appears from what we have ſhewn concerning their 
quantities of matter : and thus we ſee that not only 
the regular motions of the planets are to be derived 
from the principle of gravity, but alſo how their 
minute errors and irregularities are accounted for 
from it. The ſame is the caſe of Jupiter and _ 

| an 
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their ſatellites, As for the Earth and the Moon, 
cho? there be a leſs diſproportion in their magni- 
tudes, and their common centre of gravity be ſen- 
fibly removed from the earth, yet as there are only 
two in their ſyſtem, no irregularities ariſe from their 
mutual actions in their motions about their common 
centre of gravity, or they are caſily determined 
when the poſition of their centre of gravity is known. 
Theſe leſſer ſyſtems of the Earth, Jupiter, and Sa- 
turn, are carried about the centre of gravity of the 
gencral ſolar ſyſtem, without receiving any diſturb- 
ance from any action of the ſun or planets, which is 
equal on all their parts and in the ſame direction. 
When a fleet of ſhips is carried away by a current 
that affects them equally, it has no effect on their 
particular motions amongſt themſelves, nor is the 
motion proceeding, from the current diſcovered by 
tem, if they have no body in ſight that is not af- 
tected by it. In the ſame manner, if the gravity 
towards the ſun acted cqually, and in the ſame di- 
rection, on the parts of theſe leſſer ſyſtems, it would 
have no effect on their motions amongſt one ano- 
ther, and could only be diſcovered by comparing 
their motions with the fixed ſtars, or with ſome body 
foreign to that leſſer ſyſtem, which is acted on in a 
different manner by the ſun. But as there is ſome 
variation in the actions of the ſun upon the parts of 
theſe ſyſtems, and in the directions of theſe actions, 
trom hence ſome irregularities neceſſarily ariſe. 


3. Tho! the actions of the ſun and of the infe- 
rior planets, compounded together, do not always 
produce in a ſuperior planet a gravitation exactly di- 
rected towards their centre of gravity z yet, as upon 
the whole it is more. nearly directed to that point 
than to any other, the motions of a ſuperior planet 
will be found more regular by ſuppoſing that point 
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focus there. A planet that is higher than this will, 


all the planets that are below it. 
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to be the centre of its attraction, rather than any 
other, and its ellipſe will be juſt by placing its /owy 


by its attraction, have ſome effect on the motion in 
this ellipſe, but as it alſo acts on the inferior planets 
at the ſame time, there will no irregularity ariſe from 
that part of its action which is equal and in the 


ſame direction on them all, but from the differences N ct! 
of its actions only; which being exceedingly mi. th: 
nute, and having contrary effects in the oppoſite WF thc 
ſituations of that higher planet, can produce effects ME nc: 
ſcarcely ſenſible in many revolutions, ap] 
| | bot 
4. The action of Jupiter on Saturn when greateſt Wi of 
(that is in their conjunction when their diſtance is an 
leaſt) is found to be 45+ of the action of the Syn 
upon Saturn, by comparing the matter of Jupiter 
with the matter in the Sun, and the ſquare of the by 


diſtance of the Sun from Saturn, with the ſquare of 
the diſtance of Jupiter from Saturn. The effect of 
this action on Saturn is not altogether inſenſible. 
But the elliptic orb of Saturn will be found to be 
more juſt, if you ſuppoſe its focus not to be in the 
centre of the Sun, but in the centre of gravity of 
the Sun and Jupiter, or rather in the centre of gra- 
vity of the San and of all the planets below Saturn. 
In the ſame manner, the elliptic orb of any other 
planet will be found more accurate, by ſuppoling its 
focus to be in the centre of gravity of the Sun and 


5. The whole action of Jupiter diſturbs the mo- 
tion of Saturn in their conjunction, becauſe Jupiter 
acts upon Saturn and upon the Sun with oppoſite 
directions, at that time. But, becauſe Saturn acts 
then in the ſame direction on Jupiter and on the 
Sun, if it ated alſo with the ſame force on both, 1 
wou 
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would have no effect on the motion of Jupiter about 
the Sun, and it is by the exceſs of its action on Ju- 
puer above its action on the Sun that it diſturbs the 
motion of Jupiter. This exceſs is found to be 
—-, of the action of the Sun on Jupiter, and there- 
fore is much leſs than the force with which Jupiter 
diſturbs the motion of Saturn. The actions of the 
| other planets on each other are incomparably leſs 
| than theſe, and the irregularities proceeding from 
| thoſe actions are always leſs in any planet as it is 
| nearer the ſun, Only the orbit of the earth may 
appear a little more irregular than that of its neigh- 
| bouring planets, becauſe it revolves about the centre 
| of gravity of the earth and moon, while that centre 
| annually revolves about the ſun. 


6, If the planets were attracted by the ſun and 
by one another, but the ſun was not reciprocally at- 
trated by them, the centre of gravity of the ſyſtem, 
becauſe of the deficiency of this reaction, would 
neceſſarily be in motion; and this would be a new 
ſource of errors and irregularities. If the primary 
planets were not attracted by their ſatellites, as well 
as the ſatellites by their primary planets, other irre- ik 
gularities would neceſſarily ariſe, If the great pla- 4 
nets, Jupiter and Saturn, had moved in the lower 
ſpheres, their influences would have had much more 
cicct to diſturb the planetary motions. But while 
they revolve at ſo great diſtances from the reſt, they q 
att almoſt equally on the ſun and on the inferior | 
planets, and have the leſs effect on their motions '1 
about the fun, and the motions of their ſatellites are # 
a the ſame time leſs diſturbed by the action of the 1 
un, The carth and moon move in a lower ſphere, 
but their motions are the leſs irregular becauſe there | 
de only two in their ſyſtem. We ſhall aftewards 
© that the comets continue for a very ſmall time 
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among the planetary ſpheres, and that in the f 
greater part of their revolutions they are carried u 
ſuch vaſt diſtances that their actions can have very 
little effect on the motions of the planets, Such ; 
the law of gravity, and the manner of its operation 
and ſuch is the diſpoſition of the bodies in the ſyſten, 
as ſeems well adapted for preſerving their motions 
with great regularity ; but this will appear ſtill mor 
fully from the following chapter. 
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CHAP. III. 


roach and receſs of the planets to and frin 
the ſun, in every revolution, 


I. HUS far we have conſidered the power 

that act in the ſyſtem of the ſun, and have 
found that thoſe which produce the regular motions 
of the planets vaſtly exceed thoſe that diſturb them, 
We are next to conſider how the motions in thei 
orbits proceed from the action of thoſe powers; and 
how the planet is made to aſcend and deſcend by 
turns, at the ſame time that it revolves about the 
centre of its gravitation. This requires an illuſtta 
tion, the rather becauſe we have nothing ſimilar to 
it in the motion of heavy bodies at the earth's fur- 
face; for theſe are always made to fall to the earth 
by their gravity : in whatever direction they are pro- 
jected, upwards, perpendicularly, or obliquely, thei 
gravity ſoon brings them down to the earth again, 
Hence many find it hard to conceive how a planet 
after approaching to the ſun can recede from it again, 
eſpecially ſince its gravity is increaſed as its diſtance 
decreaſes. They imagine that it ought to continue 
to approach to the ſun, and at length fall upon Is 


body, as heavy bodies fall to the earth. 
N 2. 
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2. But we are to remember, that the force with 
which heavy bodies are projected, from our moſt 
powerful engines, is inconſiderable, compared with 
the motions which their gravity could generate in 
them in a few minutes; and they move over ich 
{mall ſpaces, when compared with their diſtance from 
the centre of the earth, that their gravity is conſi- 
dered as acting in parallel lines, without any ſenſible 
error, ſo that the centrifugal force ariſing from the 
rotation about that centre 1s altogether neglected, 
But when we examine the motion of a projectile in 
larger ſpaces, and trace it in its orbit, we mult con- 
ſider the action of gravity as directed to a centre, 
and take in the centrifugal force ariſing from its mo- 
tion of rotation about that centre; and it will ap- 
pear, that there are indeed ſome laws of gravity 
which would make the body approach to the centre 
continually, till it fall into it, but that there are 
other laws which make bodies approach to the cen- 
tre, and ſuffer them to recede from it, by turns. 
How to diſtinguiſh theſe we ſhall now conſider. 


In the firſt place, it will be eaſily underſtood that 
is (Hg. 63.) be the centre of attraction, and a 
body js projected with a certain force in the line a x, 
perpendicular to As, it will deſcribe the circle a L 4 
with an equable motion, and after a complete revo- 
lution return to its firſt place a, with its firſt motion. 
The fame gravity that acted at a upon it, and car- 
med it below the tangent AE, acts upon it at any 
other point L, at an equal diſtance from the centre 
„ and brings it from the tangent at L thro” the ſame 
length in the ſame time. The centrifugal force, 
ailing from its rotation, being equal to its gravity, 
neither of them prevails, and the body therefore 
neither approaches to the centre nor recedes from it. 
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It you ſoppoſe the motion of projection at a to be 
Increaſed, the gravity neceſſary to keep it in the 
fame circle mult be increaſed alſo ; ſo that if the ve. 
locity of the projection be double, the gravity re. 
quilite to retain the body in the fame circle muſt be 
quadruple z becauſe a K being double of a l, the 
point K falls four times farther below the tangent 
than the point L, as we ſhewed above: in general, 
the gravity neceſſary to retain a body in the ſame 
circle is in the duplicate proportion of the motion of 
projection; and the velocity, therefore, in the ſub- 
duplicate proportion of the gravity z ſo that when 


the gravities are as 1 to 4, the velocities are as 1 
tO 2, 


3. If the body 1s projected at a leſs diftance from 
the centre of attraction, as at v, with the ſame velo- 
City, the gravity mult be greater to retain it in: 
circle; becauſe the curvature being greater, the ex- 
tremity v of the arc pop, equal to A L, falls farther 
below the tangent at Þ, than L falls below the tan- 
gent at A, in proportion as the arc vy is more curve, 
that is, in proportion as the diſtance s p is leſs than 
SA. If the velocity of projection is increaſed at o, 
ſo that the body deſcribe a greater arc pq in the ſame 
time, then the force of gravity, neceſſary to retain 
the body in a circle there, muſt be increaſed in a du- 
plicate proportion; becauſe QT is to p x in the dupli- 
cate proportion of D to DP. If the velocity at), 
for example, is greater than that at a in proportion 
as s A is greater than s, then Q will be to PR & 
the ſquare of $A is to the ſquare of s o, and QT 
will be to L M- as the cube of 8 4 is to the cube 
so; that is, the force requiſite to retain bodies in 
circles muſt be reciprocally as the cubes of the ſemi 
diameters, when the velocities in theſe circles are fe- 
ciprocally as the ſemidiameters themſelves z and ih 

| vet 
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cerſely, if the gravities increaſe as the cubes of the 
diſtances from the centre decreaſe, the velocities 
neceſſary to carry bodies in circles, at different diſ- 
tances from the centre of attraction, muſt increaſe in 
proportion as the diſtances decreaſe. 


4. In general, as the gravities of bodies that 
deſcribe circles about the ſame centre increaſe in pro- 
portion as the ſquares of the velocities increaſe, arid 
as the diſtances decreaſe ; it follows converſely, that, 
in order to compare the velocities of projection that 
are neceſſary to carry bodies in circles at theſe diffe- 
| rent diſtances, we muſt compound the proportion of 
the gravities and the proportion of theſe diſtances 
together, for this compounded proportion will give 
that of the ſquares of the requilite velocities. So in 
the ſolar ſyſtem, if the diſtances of two planets were 
45 1 to 4, the gravities being as 16 to 1, theſe pro- 
portioas compounded give that of 16 to 4, or of 4 
to1, which is that of the ſquares of the velocities, 
and therefore the velocities themſelves are as 2 to 1. 
in like manner we can determine the law according 
to which the velocities, neceſſary to carry bodies in 
circles about s, vary at any diſtances, in any given 
aw of gravity, 


5. If a body is projected at & (Tig. 64.) with a 
velocity leſs than that which is neceſſary to carry it 


in a circle there, it muſt fall within the circle, the 


centrifugal force, ariſing from the motion of rota- 
tion about s, is leſs than that which it would have 
in the circle AL, in proportion as the ſquare of its 
velocity is leſs, and is therefore leſs than its gravity 
in the ſame proportion : the body, therefore, by the 
exceſs of its gravity above its centrifugal force, is 
made to approach to the centre. The motion of 


tic body, as it deſcends in the orbit a M B, muſt be 
; 3K acce- 
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accelerated fo as to deſcribe equal areas in equi 
times about s, and the velocity of its motion ar 1; 
muiſt be greater than its velocity at A, in Proportion 
as $A is greater than s, the perpendicular tron « 
on the tangent to its orbit at ; becauſe if the arc; 
AK, MN, be deſcribed in the ſame time, the trian. 
oular ſpaces As K, MSN, being equal, the baſes x k, 
Mn mulc be reciprocally as their altitudes s a, 85, 
andi the velocities are as the arcs A K, MN, deſcribed 
in the tame time, and therefore reciprocally as 83, 
SP, The velocity, therefore, in the orbit from; 
to M, increaſes in a higher proportion than that in 
which the diſtances s a, s M decreaſe, becauſe s a i; 
to sp in a higher proportion than s A is to su: 
only if the direction of the body ever become per. 
pendicular again to the ray drawn from s, at anj 
point, as 2, there s M and sy will coincide, and the 
proportion of the velocities will be the ſame as the 
reciprocal of the diſtances s A, 8 B. 


6. If a body is projected at B in a direction per- 
pendicular to sn, with a velocity greater than that 
which is neceſlary to carry it in the circle ; C HH about 
the centre of attraction, at the diſtance s B, it mult 
be carried without that circle, and recede from tit 
centre s. The centrifugal force, in this caſe, arilg 
from its motion of rotation, is greater than tht 
which would ariſe from its motion in the circle no, 
and therefore greater than its gravity z and by ti 
exceſs of its centrifugal force above its gravity, ! 
recedes from s the centre of attraction. The mo— 
tion of the body decreaſes as it riſes, being retarded 
by the action of its gravity, ſo that the velocity | 
always leſs than the velocity at B, in proportion & 
SB 1s leſs than sp, the perpendicular from s on ttt 
direction of its motion, 
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. A planet deſcends from a, which is called its 
higher apſis, to B, which is called its lower 4½ſs, 
and reaſcends again from ; to A. It deſcends from 
ky approaching, to the centre of attraction, becauſe 
its velocity at A is leſs than that which would be able 
to carry it in a circle about s, at the diſtance s A. 
As it deſcends to leſſer diſtances, its velocity in its 
orbit increaſes in a higher proportion than the velo- 
cities, which would be ſufficient to carry bodics in 
circles at theſe diſtances, increaſe. For the velocity 
in the orbit at ; is greater than that at a, in propor- 
tion as 5 A is greater than S8; whereas the velocity 
in a circle at B is greater than the velocity in a circle 
ata, as SA is greater than Vs . If s a were to 
$B4s 4 to 1, the firſt proportion would be that of 
4 to 1, but the ſecond that of 2 to 1 only, Hence 
it appears how the velocity in the orbit at B, exceeds 
that in a circle at the fame diſtance, tho' the velo- 
city in the orbit at a was exceeded by the velocity 
that was able to carry it in a circle at the diſtance 
$1, In the higher part of the orbit, the velocity of 
the body is leſs than that which would carry it in a 
circle there about s; but the velocity in the orbit in- 
creales more, by the approach of the body to the 
centre of attraction, than the velocities requiſite for 
carrying bodies in circles do, and fo gets the better 
et them in the lower part of the orbit. Of theſe 
o each prevails over the other by turns, in the 
% aides ; the velocity in the circle in the higher 
pls, and the velocity! in the orbit in the lower apſis. 
Afr r the body is carried off at 3 by its ſuperior ve- 
locity, the velocity in a circle afterwards gets the 
bert er, becauſe it does not 8 0 quickly as the 
in its alcent, in a ſemi- ellipſe 40 and Gmilarly 
ſtuated to that which it deſcribed in its deſcent. 
2:3 8, 
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8. The gravity indeed at B 15 greater than the gra. 
vity at A, in proportion as the ſquare of the diſtance is 
Jeſs. But the centrifugai force ariſing from the cir. 
cular motion about s increaſes in a higher propor. 
tion, viz, as the cubes of the diſtances decreaſe; 
for theſe centrifugal forces are in the direct propor. 
tion of the ſquares of the velocitics and their inverſe 
proportion of the diſtances, compounded together: 
the firſt of theſe is the inverſe proportion of the 
ſquares of the diſtances, and the two together com. 
pound the inverſe proportion of the cubes of the 
diſtances. The centrifugal forces, therefore, in. 
creaſe more quickly than the gravities; and tho! the 
gravities prevail in the higher part of the orbit, the 
centrifugal forces get the better in the lower part of 
it. The gravity prevailing in the higher apſis makes 
the body approach to s, the centrifugal force pie. 
vailing in the lower apſis makes the body recede 
from it; and, by their actions, the body for ever 
revolves from the one to the other. 


9. It is eaſy to ſee from what we have ſaid, that 
the body can deſcend from the higher apſis to the 
lower, and aſcend again from the lower apfſis to the 
higher, when the velocities neceſſary to carry bodies 
in circles about the centre of attraction increale, in 
approaching to that centre, in a leſs proportion than 
the velocity of a body moving in an orbit 4 MB in- 
creaſes, For tho” the velocity in a circle in the 
greater diſtances exceed the velocity in the orbit, this 
latter, by increaſing more quickly as the diſtance de- 
creaſcs, gets the better of the other in the lower part 
of the orbit, and carries the body off again. But 
if the velocities by which circles can be deſcribed 
about the centre of attraction increaſe, in approach. 
Ing to that centre, in a higher proportion, or 5 the 
5 ame 
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ſame proportion, as the velocity in the orbit increaſes, 
then this latter having been ſuppoſed at a leſs than 
the former, it muſt always continue leſs than it, and 
never get the better of it, ſo as to be able to carry 
off the body; and therefore, in all ſuch caſes, the 
body can never recede from the centre after it has 
once begun to approach to it, but mult deſcend to 
| diſtances leſs and leſs, till it fall into the centre. It 
approaches at à, becauſe its velocity is leſs than that 
which is requilite to carry it in a circle there: its ve— 
locity indeed increaſes as it deſcends to leſſer dif- 
tances, but the velocities which would carry bodies 
| in circles at theſe diſtances about s, increaſing alſo in 
23 great a proportion, the velocity in the orbit mult 
ſtill continue to be leſs than in theſe circles, and the 
body mult {till continue to approach to the centre, 


10. To fix the limit of theſe two caſcs, we are 
to conſider, that the velocities in an orbit, at a and 
5, are in the inverted proportion of the diſtances 
there from the centre of gravitation ; and that, if 
the gravity increaſe as the cubes of the diſtances de- 
creaſe, the velocities neceſſary to deſcribe circles at 
aand B are in the ſame inverted proportion of the 
diſtances at a and B from s. In this caſe, therefore, 
the velocities in circles, and in the orbit at a and B, 
vary in the ſame proportion, and the ſame which 
exceeds at the one diſtance mult exceed at the other; 
o that, for the ſame reaſon for which the body ap- 
proached to s at a, it would approach to it at n, 
and if it receded from it at g, it mult recede from it 
at A; that is, if it once begin to approach, it mult 
always approach to s, and if it once begin to recede, 
it muſt always recede from it. This alſo appears 
from what we ſaid of the centrifugal force, which, 
in the ſame orbit, increaſes as the cube of the diſtance 
decreaſes ; and conſequently in the ſame proporuon 
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8, The gravity indeed at 8; 15 greater than the gra. 
vity at a, in proportion as the ſquare of the diſtance is 
leſs. But the centrifugai force ariſing from the cir. 
cular motion about s increaſes in a higher propor- 
tion, viz, as the cubes of the diſtances decreaſe; 
for theſe centrifugal forces are in the direct propor. 
tion of the ſquares of the velocitics and their inverſe 
proportion of the diſtances, compounded together : 
the firſt of theſe is the inverſe proportion of the 
Jquares of the diſtances, and the two together com- 
pound the inverſe proportion of the cubes of the 
diſtances. The centrifugal forces, therefore, in- 
creaſe more quickly than the gravities; and tho! the 
gravities prevail in the higher part of the orbit, the 
centrifugal forces get the better in the lower part of 
it. The gravity prevailing in the higher apſis makes 
the body approach to s, the centritugal force pre- 
vailing in the lower apſis makes the body recede 
from it; and, by their actions, the body for ever 
revolves from the one to the other. 


9. It is eaſy to ſee from what we have ſaid, that 
the body can deſcend from the higher apſis to the 
lower, and aſcend again from the lower apſis to the 
higher, when the velocities neceſſary to carry bodies 
in circles about the centre of attraction increaſe, in 
approaching to that centre, in a leſs proportion than 
the velocity of a body moving in an orbit 4 M8 in- 
creaſes, For tho' the velocity in a circle in the 
greater diſtances exceed the velocity in the orbit, this 
latter, by increaſing more quickly as the diſtance de- 
creaſcs, gets the better of the other in the lower part 
of the orbit, and carries the body off again, But 
if the velocities by which circles can be deſcribed 
about the centre of attraction increaſe, in approach- 
ing to that centre, in a higher proportion, or A the 
65 ame 
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ſame proportion, as the velocity in the orbit increaſes, 
then this latter having been ſuppoſed at a leſs than 
the former, it muſt always continue leſs than it, and 
never get the better of it, ſo as to be able to carry 
off the body; and therefore, in all ſuch caſes, the 
body can never recede from the centre after it has 
once begun to approach to it, but mult deſcend to 
diſtances leſs and leſs, till it fall into the centre. It 
approaches at 4, becauſe its velocity is leſs than that 
which is requiſite to carry it in a circle there: its ve- 
locity indeed increaſes as it deſcends to leſſer diſ- 
tances, but the velocities which would carry bodies 
in circles at theſe diſtances about s, increaſing alſo in 
a3 great a proportion, the velocity in the orbit mult 
ſtill continue to be leſs than in theſe circles, and the 
body mutt ſtill continue to approach to the centre, 


10. To fix the limit of theſe two caſcs, we are 
to conſider, that the velocities in an orbit, at a and 
3, are in the inverted proportion of the diſtances 
there from the centre of gravitation ; and that, if 
the gravity increaſe as the cubes of the diſtances de- 
creale, the velocities neceſſary to deſcribe circles at 
aand 8 are in the ſame inverted proportion of the 
diſtances at a and B from s. In this caſe, therefore, 
the velocities in circles, and in the orbit at a and B, 
vary in the ſame proportion, and the ſame which 
exceeds at the one diſtance mult exceed at the other 
o that, for the ſame reaſon for which the body ap- 
proached to s at aA, it would approach to it at n, 
and if it receded from it at ;, it mult recede from it 
at A, that is, if it once begin to approach, it muſt 
always approach to s, and if it once begin to recede, 
it muſt always recede from it. This alſo appears 
from what we ſaid of the centrifugal force, which, 
in the ſame orbit, increaſes as the cube of the diſtance 
gecreaſes; and conſequently in the ſame proportion 
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in which the gravity is ſuppoſed to increaſe in this 
caſe; fo that, of theſe two, which ever is ſuppoſed 
to prevail in any one apſid, the ſame muſt prevail in 
any other aphid, if ſuch could be afſigned ; and the 
body mult either deſcend continually to the centre, 
or rile from it for ever, 


11. If the gravity increaſe in a higher proportion 
than as the cubes of the diſtances from the centre df 
attraction decreaſe, then the velocities neceſſary to 
carry bodies in circles about that centre, in approach- 
ing to if, will increaſe in a higher proportion than 
the Ciitances decreaſe; that is, in a higher propor. 
tion than the velocity in an orbit increaſes from a to 
; ſo that as the velocity in a circle at a exceeded 
the velocity in the orbit there, it will much more 
exceed it at B, and therefore the body, acted on by 
a gravity varying in ſuch a manner, muſt approach 
to the centre till it fall into it, if it once begin to ap- 
proach to it at A; and if it once begin to recede 
from it, it mut. continue to recede from it for ever, 
The higher the power of the diſtance is to which the 
gravity is reciprocally proportional, the body vil 
deſcend in a leis number of revolutions to the centre, 
in lo chrcumſtances. If the gravity is reciprocally 
Propuitiyunal to the cubes of the diſtances, the body 
will deſcend after an infinite number of revolutions, 
If the gravity increaſe as the 4th power of the di- 
tance decreaſes, and the body is projected at a with 
a velocity leſs than that which would carry it in 2 
circle about s in propottion as / 2 is leſs than V/ 3, 
the body will deſcribe a certain epicycloid about s, and 
fall into it after half a revolution. If the gravity 
increaſe as the gth power of the diſtance decreaſes, 
and ihe velocity of the projection be to that which 
would carry it in a circle about the centre s as 1 1 
to 2, it will deſcend in a ſemicircle deſcribed on 
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the diameter s à, and fall into the centre in a quar- 
ter of a revolution. If the gravity increaſe as the 
th power of the diſtance decreaſes, and theſe velo- 
cities be as 1 to 3, it will fall into the ce::tre* in 
of a revolution. In general, if the gravity increaſe 
as the A3 power of the diſtance decreaſes, and the 
velocity of projection at a be to the velocity which 
would carry the body in a circle there, about s, as 


to 1424, it will fall into the centre in the 2 
part of a revolution. If the gravity increaſe n the 
3:5 power of the diſtance decreaſes, and the velo- 


cities be as 1 to VI +45, the body muſt fall into 
the centre after 30 revolutions. We cannot pretend 
to demonſtrate theſe things here, and have mentioned 
them only to illuſtrate this theory “. 


12. If the gravity increaſe in a leſs proportion than 
that in which the cubes of the diſtances decreaſe, the 
velocities, neceſſary to carry bodies in circles about 
the centre s, will increaſe, in approaching to it, in 
a leſs proportion than the ſimple proportion in which 
the diſtances decreaſe, and therefore in a leſs pro- 
portion than the velocity in the orbit from A to B; 
lo that, tho* the former exceed in the greater diſ- 
tances, the latter may exceed in the leſſer diſtances, 
and the body may conſequently deſcend from the 
ligher apſis to the lower, and alcend from the lower 
2plis to the higher by turns. The gravity may pre- 
vail over the centrifugal force in the higher parts of 
the orbit, but, incregſing more ſlowly in deſcending 
lo the lefier diſtances than the centrifugal force, it 
is overcome by it in the lower parts of the orbit, 
and the body is made to recede again to its firſt 
diſtance. If the gravity increaſe as the cubes of the 
Lillances decreaſe, the body never can arrive at the 


See Treatiſe of Fluxions. Art. 437. 
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lower apſis B. If the gravity increaſe as the ſquarez 
of the diſtances decreaſe, the body will deſcend in; 
ſemi- ellipſe from the higher to the lower apſis in half 
à revolution. 


13. If the gravity increaſe in the reciprocal pro. 
portion of ſome power of the diſtance betwixt the 
ſquare and cube, the body will take more than half 
a revolution to deſcend from the higher to the lower 
apſis, the more the increaſe of gravity approaches 
to the reciprocal proportion of the cubes of the dif. 
tances; for the velocity in the orbit will find the 
more difficulty to get the better of the motion that 
would carry the body in a circle, or the centrifugal 
force will with more difficulty get the better of the 
gravity. But if the gravity increaſe in proportion 
as ſome power of the diſtance leſs than the ſquare 
decreafes, the velocities in circles increaſing lels in 
approaching to the centre, the velocity in the orbit 
will the more eaſily prevail, and the centrifugal 
force will fooner exceed the gravity ; and therefore 
the body will deſcend to the lower apſis in leſs than 
half a revolution, and return to the higher apſis in 
leſs than a complete revolution, From which it ap- 
pears, that as the apſides are fixed in the regular 
courſe of gravity, that is, while it increaſes as the 
{ſquares of the diſtances decreaſe, they muſt be car- 
ried forwards, in the dire&ion of motion of the 
body, when gravity varies in a higher proportion 
than that, and muſt be carried backwards with 2 
contrary motion when gravity ries lefs than in that 
proportion, As a change from the proportion 0! 
the ſquares to that of cubes gives an infinite motion 
to the apſides, fo that the body never arrives at 
either of them again; a very ſmall change in the 
courſe of gravity will produce a ſenſible motion in 
the apſides, and the leaſt change from the regular 


courſe 


Chap. 3- PHILOSOPHICAL DISCOVERIES, 331 


courſe of gravity muſt become very ſenfible, in a 
great many revolutions, by the motion of the ap- 
ſides, From which we learn, that ſince the apſides 
of the planets have ſo ſmall a motion that ſome 
aſtronomers neglect it altogether, and doubt if there 
zs indeed any ſuch motion at all, we may conclude 
that their gravity mult obſerve very accurately, in its 
variations, the law of the ſquares of the diſtances. 


14. Our author, to reduce to a computation the 
motion of the apſides ariſing from a variation from 
the regular courſe of gravity, ſuppoſes, with aſtro- 
nomers, that the body moves in an ellipſe that is 
carried at the ſame time with a regular motion about 
s, which, in an entice revolution, gives the motion 
of the apſides. In a quieſcent elliplis, (Fig. 65.) 
the curvature at A and B being the ſame, the centri- 
petal forces there were found, above, to follow the 
inverſe proportion of the ſquares of the diſtances 
$4, $B, Suppoling that the body moves in the el- 
lipſe a /b, while this ellipſe itſelf is carried about s 
with an angular motion, ſo that, s/ in the moveable 
orbit being equal to s L 1n the fixed orbit, the angle 
s may be to ASL in a conſtant invariable propor- 
tion, ſuppoſe that of d to v; then the increments of 
cheſe angles, while s L andes! decreaſe equally, will 
obſerve the ſame conſtant proportion; and the an- 
gular motions about s of two bodies / and 1, re- 
volving in the ſame time in theſe orbits, will be in 
the ſame proportion, as alſo the areas deſcribed by 
rays drawn from theſe bodies to s: ſo that if the 
bodies be projected together at a with velocities in 
the fame proportion, and are acted on by the neceſ- 
ary centripetal forces, they will move in theſe orbits, 
and approach equally towards s, and arrive at / and 
L in the ſame time. The motion of approach to 
the centre being the ſame at equal diſtances from it, 

and 
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and this motion being cauſed by the exceſs of the. 
gravities above the centritugal forces ariſing from 
their circular motions about s ; the gravity will ex. 
cced the centritugal force in the one orbit by the 
ſame excels as in the other, and therefore the x. 
ference of the centrifugal forces muſt be the ſame 
the difference of their gravities; ſo that, to find the 
gravity in the moveable orbit, we are to add to the 
gravity in the fixed orbit, at the ſame diſtance, the 
excels of the centrifugal force in the moveable orbit 
there, above the centritugal force in the fixed orbit 
at the ſame diſtance. Theſe centritugal forces are 
in a given proportion to each other, viz. in that of 
the ſquares of the angular motions, or in the pro- 
portion of G to F*, and their difference mult be in 
a given proportion to cither; the ſame centriiugal 
forces, at different diſtances, are reciprocally as the 
cubes of the diſtances, as we ſhewed above, and 
thai differences muſt vary in the ſame proportion: 
fo that the difference of the gravities in the move- 
able and immoveable, muſt vary in the reciprocal 
proportion of the cubes of the diltances, 


15. If the ellipſe is carried about s with a pro- 
greſſive motion, that is in the direction of the mo- 
tion of the body, the angular motion of the body in 
the moveable orbit is greater than in the fixed orbit, 
and the centrifugal force, and conſequently the gra- 
vity, is greater. But if the cllipſe is carried about 
s with a retrograde motion, the angular motion in 
the moveable orbit, and conſequentiy the gravity, 15 
leſſer. In the firſt caſe, the difference of the centri- 
fugal forces is to be added to che gravity in the iixe. 
orbit, to find the gravity in the revolving orbit at 
the ſame diſtance from s. In the laiter caſe, the 
difference of the centrifugal forces is to be ſubtracted 
from the gravity in the fixed orbit, to find tac 


3 ary 


moe, png —£ Joh 


an—_ tw a #1 JyFVImOd a a a wy a a A a= Man a osv_ 9 . r A ˙ 


Chap. 3- PHniLosoPHICAL Discovernts. 333 


gravity in the revolving orbit at the ſame diſtance 
from 8. 


16. The force in the fixed ellipſe increaſes as the 
quare of the diſtance decreaſes; add to this a force 
that increaſes as the cube of the diſtance decreaſes, 
and the ſum muſt increaſe in a higher proportion 
than that of the ſquares of the diſſances, but never 
in ſo high a proportion as their cubes. A bod 
there ſore that moves in an ellipſe that has itſelf a 
progreſſive motion about s, muſt be acted on by a 
force that varies according to ſome power of the 
diſtance higher than the ſquare, but leſs than the 
cube. The greater this motion of the ellipſe is, the 
greater is the exceſs of the centrifugal force in the 
moveable eiliple above that in the fixed ellipſe, at 
the ſame diſtance from s; and the greater is the 
quantity that varies as the cube of the diſtance in the 
aggregate, in proportion to that which varies in it 
as the Iquare of the diſtance only; and the more 
docs the proportion of the aggregate vary from that 
ol the ſquares towards that of the cubes of the diſ- 
tances, In ſuch a moveable ellipſe, the gravity, 
which is as the aggregate, cannot be ſaid to vary in 
the proportion of any one power of the diſtance ac- 
curately 3 but if the cllipſe is very near to a circle, 
the proportion of the aggregate will be found to 
vary very nearly as a certain power of the diſtance, 
and the motion of the <llipſe may be adjuſted ſo as 
that the aggregate may vary, very nearly, as any 
power of the diſtance that can be aſſigned betwixt 
the ſquares and the cubes. 


17. If from a force that increaſes as the ſquare of 
tac diſtance decreaſes, you ſubduct a force that in- 
creates in a higher proportion, viz. as the cube of 
the Viſtance decreaſes, the remainder mult increaſe 
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in a leſs proportion than that in which the ſquare of 
the diſtance decreaſes. A body, therefore, thy 
moves in an ellipſe which revolves itſelf at the ſame 
time with a retrograde motion about s, muſt he 
acted on by a gravity that varies in a leſs proportion 
than the ſquare of the diſtance ; and tlie greater the 
motion of the ellipfe is, the gravity will vary in 2 
leſs proportion, ſo that if the motion of the ellipſe 
be ſufficiently great, the gravity may decreaſe inſtead 
of increaſing as the diſtance decreaſes. By ſuppoſing 
the orbit near to a circle, the motion of the ellipſe 
may be adjuſted, that the remainder may vary ac. 
cording to any proportion lets than that of the ſquares 
of the diſtances. | 


18. Our author has made an improvement of 
this, to judge of the motion of the apſides in any 
law of gravity: for, by ſuppoſing the gravity in the 
moveable ellipſe, when near to a circle, computed 
from the foreſaid principles, to vary according to 
any given law, he determines what muſt be the mo- 
tion of the ellipſe, or of the apſides, in conſequence 
of this ſuppoſition ; or, the motion of the ellipſe 
being given, he determines what is the power of the 
diſtance according to which the gravity varies, near- 
ly, when the ellipſe revolves with that given mo- 


tion *. 


19. We have ſaid as much as our deſign will al- 
low us, of the motions ariſing from gravity, that 
are performed in regular revolutions from the one 
apſis to the other; where the diſtance from the cen- 
tre of gravitation varies indeed, but ſo as to keep 
within certain limits, betwixt which the body con- 
ſtantly revolves; and we have ſhewn that the motion 


* See Princip. Lib. I. Sect. q. g 
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of the body may be of this kind, if the gravity de- 
creaſe in a leſs proportion than that in which the 
cubes of the diſtances from the centre increaſe. But 
the motion of the body is not always of this kind, 
in theſe caſes ; for if the velocity of projection at s 
is ſufficiently great, the body will, in ſome of theſe 
caſes, recede for ever from the centre of gravitation, 
and never arrive at the higher apſis a, We have 
already ſhewed that if the gravity decreaſe as the 
cubes, or any higher powers, of the diſtance increaſe, 
and the velocity at ; exceed, in the leaſt, that which 
would carry the body in a circle there, about the 
centre of gravitation, it will recede from s for ever. 
If the gravity decreaſe in a leſs proportion than that 
of the cubes of the increaſing diſtances, it may be 
projected at B with a motion which will {till carry it 
for ever from the centre, provided the gravity de- 
crcale in a proportion greater than that in which the 
diſtances increaſe : for the limit here is the inverſe 
imple proportion of the diſtances. If gravity vary 
more, the body may be carried off for ever from the 
centre by a finite motion of projection; but if the 
gravity varies in that proportion, or in any leſs pro- 
portion, then no finite force will be able to make the 
body move in ſuch a manner, as to recede from the 
centre s for ever: but the body in theſe caſes mult 
aways revolve betwixt the two ap/ides. 


20, In order to ſee this, we may firit ſuppoſe a 


tat is acted on by a gravity decreaſing in a higher 
proportion than that of the increaſing diſtances 
ad if the force of projection be ſufficiently great, it 
vill riſe for ever with a motion continually retarded 
by the action of its gravity, but that ſhall never be 
itogether deſtroyed by theſe actions; becauſe ny 
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decreaſe in ſuch a manner that the ſum of an infinite 
number of them amounts to a finite quantity, 


21. The ſame law of gravity is the limit betyiy 
the caſes of infinite aſcents, in curvilineal motion 
and in rectilineal: for our author has ſhewn, that i 
one body move in a curve, and another aſcend g 
deſcend in a right line, acted on by the fame grayig, 
and their velocities be equal in any equal altitude, 
they will be equal in all other equal altitudes +: 
and ſince the gravity of the body projected upward 
in a vertical line, with a certain aſſignable force, i 
not able to bring it back again; it will not be able v 
make it return, if it was projected with the (ime 
force obliquely upwards, ſo as to move in a curve, 
For the centrifugal force, ariling from the motiq 
of rotation about s, leſſens the effect of the gravity, 
and makes it leſs capable to deltroy the motion d 
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* Suppoſe the velocities of bodies 1. and ev (Fig. 66.) to be 
equal at 1. and y, at equal diſtances s L, s; and let them de. 
ſcribe the very ſmall lines L /, yp, ſo that 8 5 being equal tos}, 
and p x / a circular arc deſcribed from the centre s meeting 51 
inn, Un muſt be equal to pp. The gravity of 1 toward i 
may be reſolved into two forces, one of which may be repr: 
ſented by Lu, and acts in the direction of the tangent Ls, 5 
other in a direction Rs perpendicular to the tangent or the dite 
tif of the body's motion The latter has no effect in accele 
rating its motion, being perpendicular to it, and the former 1 
to the gravity, as LR is to SL, or as LN is to LI. The motid 
of the body y is accelerated by its whole gravity, fo that t: 
forces which accelerate the bodies L and Þ are to each other,! 
LN (or y) to L /; but the velocities at L and y having bet 
equal, the times in which L/ and Pp are deſcribed are in t 
proportion of the ſpaces L] and yp; ſo that tho? the body 
is accelerated by a leſs force in deſcending to /, the time of ! 
acceleration is greater in the ſame proportion: from which 
appears that their accelerations are equal in deſcribing tie! 
ſpaces, and their velocities conſequently equal at / and 9. 13 
velocities therefore of theſe bodies muſt be equal in all eq! 
gltitudes. See Princip. 324th, Lib. I. Prop. 40. | 
. acc 
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aſcent in this caſe, than in the caſe of a perpendicu- 
lar aſcent. Therefore if gravity varies in the reci- 
procal proportion of ſome power of the diſtance 
hicher than unit, a body may run out to infinity in 
its orbit, if it be projected with a certain force. 


22, If this force is the ſame which it would ac- 
quite by falling from an infinite height, it will go off 
in a curve of the parabelic kind, But if it is pro- 
ſectec h with a greater force than that which would be 
acquired even by an infinite deſcent, the curve will 
be of the hyperbolic kind. If it is projected with 
tic ſame velocity which it would acquire by falling 
from an infinite height (aſſuming different Jaws of 
gravity, but other circumſtances ſimilar) it will go 
off to inlinity after a greater or lets part of a revo- 
lution, or after a greater or ſmaller number of revo- 
Jutions, according as the power of the diſtance, 
which is reciprocally proportional to the gravity, is 
greater or leſs. The limit here is a quarter of a re- 
volution from the apſis, or the place where; the 
direction of the body's motion is perpendicular to 
the line drawn to the centre; for it mult always take 
more than that to get off from the apſis to an infi- 
nit? diſtance, If gravity obſerve the reciprocal 
ſeſquplicate proportion of the diſtance, then the 
body will go off in + of a revolution. If it obſerve 
Wie reciprocal duplicate, it will go off for ever in a 

parabola, in half a revolution. If it obſerves the 
reciprocal 4 power of the diſtance, it will go off in 
complete revolution. But if gravity obſerve the 
tciprocal triplicate proportion of the diſtance, and 
ie body be projected oblique to the radius, it will 
I) off in an infinite number of revolutions *. 


23. 


In general, if gravity vary as the u power of the diſtar.ce 
Kuprocally, and the body is projected obliquely upwards with 
2 a 
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23. If gravity decreaſe in a leſs proportion than 
the reciprocal ſimple proportion of the diſtances, 
and a body is projected ſrom the apſis with any finite 
force whatſoever, it cannot riſe for ever; but will 
have the ſame velocity at any diſtance, as it would 
have had at the ſame diſtance, ſuppoſing it had hen 
projected at a directly upwards with the ſame for 
of projection: and ſince any finite force would 
been deftroyed in the perpendicular, it t y 
move in a curve it mult return again. . ter 
paſſing the higher apſis, deſcend again to che lower 
apſis, tho* that apſis be not in the {ame place as | 
fore, If gravity increaſe as the diſtance increalzs 
a fertiori the body will never be able to aſcend to a 
infinite diſtance, Theſe obſervations ſhew the limits 
of the various ſorts of motions, that can proceed 
from various laws of gravity. 


CHAP. 1), 
Of the motion of the moon. 
I, 7 E have explained the motions of the bo- 
dies in the ſolar ſyſtem, from gravity, 


and have taken notice of ſome inequalities or errors 
in their motions, that arife from the ſame principle. 


a force that i; to that which would carry it in a circle as 1 to 


- 


V= — It will riſe for ever from the centre, and go off in the 
? 


Rs 
> oe „ part of a revolution, or in the x part of the revolution. 


Spoofing to be the exceſs of 3 above the number x. If the 
gravity follow the reciprocal proportion of the 223 power of 
the dillance. the body will go off in 50 revolutions. Les 


: Fluxicns, $416, & eg. 
1 But 
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But the manifold irregularities that are produced by 
it in the motion of the moon deſerve particularly to 
be conſidered, as ſhe is the neareſt to us in the 
ſyſtem, and as great advantages might be deduced 
from her motions, if they could be ſubjected to ex- 
act computation, Formerly, they who built ſyſtems 
had great difficulties to reconcile their principles with 
the hc nomena : our author anticipates obtervations, 
and the more perfect our knowledge of the motions 
in the ſyſtem ſhall become, the more will this philo— 
ſophy be eſteemed, Polterity will fee its excellence 
jet more fully than we do, when the celeſtial mo- 
tions Mall be determined more accurately, by a lerics 
of long continued exact obſervations, 


2, To give the principles of our author's compu- 
tations on this perplexed ſubject, in as plain a man- 
ner as poſſible, we mult recollect what has been al- 

racy obſerved; that if the fun acted equally on the 
earth and moon, and always in parallel lines, this 
ation would ſerve only to reſtrain them in their an- 

nul motions round the ſun, and no way affect their 
ons on each other, or their motions about their 
ommon centre of gravity. In that caſe, if they 
vere both allowed to fall directly towards the ſun, 
tiey would fall equally, and their reſpective ſitua- 
tons would be no way affected by their deſcencling 
tually towards it. We might then conceive them 
8 in a plane, every part of which being equally 
teh on by the ſun, the whole plane would deſcend 
wards the ſun, but the reſpective motions of the 
«7 and moon would be the fame in this plane as 
it was quieſcent, Suppoling then this plane, and 
Ain it, to have the annual motion imprinted on it, 

: would move regularly round the ſun, while the 
artn and moon would move in it, with reſpect to 
ten other, as if the plane was at 25 without any 
Z 2 irre- 
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irregularities, But becauſe the moon 1s nearer the 
ſun in one half of her orbit than the earth is, and 
in the other half of her orbit is at a greater dillance 
than the earth irom the ſun, and the power of gra. 
vity is always greater at a leſs diſtance ; it follows, 
that in one hali of her orbit the moon 1s more ar- 
tracted than the carth towards the ſun, and in the 
other halt Jeſs attracted than the earth; and hence 
irregularities neceſſarily ariſe in the motions of the 
moon, the excels, in the firſt cafe, and the deck, 
in the ſecond, of the attraction, becoming a force 
that diſturbs her motion: add to this, that the 
action of the ſun on the earth and moon is not di. 
rected in parallel lines, but in lines that meet in the 
centre of the ſun. 


3. To ſee the effects of theſe powers, let us ſup- 
poſe that the projectile motions of the earth and 
moon were deſtroyed, and that they were allowed to 


fall freely towards the ſun. If the moon was in con. 
junction with the ſun, or in that part of her orbit 
which is neareſt to him, the moon would be more 
attracted than the earth, and fall with greater velo- 
city towarcs the ſun; ſo that the diſtance of tie 
moon from the earth would be increaſed in the {all 
It the moon was in oppoſition, or in the part of her 
orbit which is fartheſt from the ſun, ſhe would be 
leſs attracted than the earth by the fun, and would 
tall with a leſs velocity towards the ſun than the 
earth, and the moon would be left behind by the 
earth; fo that the diſtance of the moon from thi 
earth would be increaſed, in this caſe alſo, If tie 
moon was in one of the quarters, then the earth 
and moon being both attracted towards the centre of 
the ſun, they would both directly deſcend towards 
that centre, and by approaching to the ſame centie, 


they would neceſſarily approach at the ſame time r 
ca 
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cach other, and their diſtance from one another 
would be diminiſhed, in this caſe. Now, where- 
ever the action of the ſun would increaſe their diſ- 
tance, if they were allowed to fall towards the ſun, 
there we may be {ure the ſun's action, by endeavour- 
ng to ſeparate them, diminiſhes their gravity to 
b other; wherever the action of the ſun would 
diminiſn their diſtance, there the ſun's action, by 
endeavouring to make them approach to one ano- 
ther, increaſes their gravity to each other: that is, 
in the conjunction and oppoſition, their gravity 
towards each other is diminiſhed by the action of the 
ſun; but in the two quarters it 1s increaſed by the 
action of the ſun. To prevent miſtaking this mat- 
ter, it muſt be remembred, it is not the total action 
of the fun on them that diſturbs their motions, it is 
only that part of its action by which it tends to ſepa- 
rate them, in the firſt caſe, to a greater diſtance 
from each other; and that part of its action by 
which it tends to bring them nearer to each other, in 
the ſecond caſe, that has any effect on their motions 
with reſpect to each other. The other, and the far 
more conſiderable, part has no other effect but to 
retain them in their annual courle, which they per- 
form together about the ſun. 


4. In conſidering, therefore, the effects of the 
ſun's action on the motions of the earth and moon 
with reſpect to each other, we need only attend to 
the excels of its action on the moon above its action 
on the carth, in their conjunction; and we muſt 
conſider this exceſs as drawing the moon from the 
earth towards the ſun in that place. In the oppoſi- 
tion, we need only conſider the exceſs of the action 
of the {un on the earth above its action on the moon, 
and we muſt conſider this exceſs as drawing the 
moon from the earth, in this place, in a dee 
23 opbo- 
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oppoſite to the former, that is, towards th. Place 
oppoſite to where the ſun is; becauſe we conlider 
the earth as quieſcent, and refer the motion, an ll 
its irregularities, to the moon, In the quarters, we 
conſider the action of the ſun as adding ſomething 
to the gravity of the moon towards the earth, * 


5. Suppoſe the moon ſetting out from the quarter 
OS. precedes the conjunction, with a velocity that 
would make her deſcribe an exact circle round the 
earth, if the ſun's action had no effect on her; and 
becauſe her gravity is increaſed by that action, ſhe 
muſt deſcend towards the carth, and move within 
that circle : her orbit, there, will be more curve than 
otherwiſe it would have been; becauſe this addition 
to her gravity will make her fall farther at the end 
of an arc below the tangent drawn at the other end 
of it; her motion will be accelerated by it, and will 
continue to be accelerated till ſhe arrives at the cn- 
ſuing conjunction; ; becaulc the direction of the action 
of the ſun upon ner, during that time, makes an 
acute angle with the direction of her motion. At 
the conjunction, her gravity towards the earth being 
diminiſhed by the action of the ſun, her orbit will 
be lefs curve there, for that reaſon ; and ſhe will be 
carried farther from the earth as ſhe moves to the 
next quarter; and, becauſe the action of the ſun 
makes then an obtuſe angle with the direction of her 
motion, ſhe will be retarded by the ſame degrees by 
which ſhe was accclerated before. 


6. Thus ſhe will deſcend a little towards the 
earth, as ſhe moves from the firſt quarter towards 
the conjunction, and aſcend from it, as ſhe moves 
from the conjunction to the next quarter. The 
action which diſturbs her motion will have a like, 
and almoſt equal, effect upon her, while ſhe moves 

in 
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in the other half of her orbit, I mean, that half of 
it which is fartheſt from the ſun : ſhe will proceed 
from the quarter that follows the conjunction with 
an accelerated motion to the oppoſition, approach- 
ing a little towards the earth, becauſe of the addition 
made to her gravity, at that quarter, from the action 
of the ſun; and receding from it again, as the goes 
on from the oppoſition to the quarter from which 
we ſuppoſed her to ſet out. "Lhe areas deſcribed in 
equal times by a ray drawn from the moon to the 
earth will not be equal, but will be accelerated by 
che conſpiring action of the ſun, as ſhe moves 
towards the conjunction or oppoſition irom the quar- 
ers that precede them; and will be retarded by the 
lame action, as ſhe moves from the conjunction or 
oppoſition to the quarters that ſucceed them. 


7. Our author has computed the quantities of 
theſe irregularities from their cauſes. He finds, that 
the force added to the gravity of the moon in her 
quarters, is to the gravity with which ſhe would re- 
volve in a circle about the earth, at her preſent 
mean diſtance, if the ſun had no effect on her, as 
i to 17832. He finds the force ſubducted from her 
gravity, in the conjunctions and oppoſitions, to be 
double of this quantity, and the area delcribed in 
given time in the quarters, to be to the area de- 
cribed in the ſame time in the conjunctions and op- 
politions, as 10973 to 11073. He finds, that, in 
luch an orbit, her diſtance from the earth in her 
quarters, would be to her diſtance in the conjunc— 
ons and oppoſitions, as 70 to Gg. 


8. The moon does not move in the ſame plane, 
round the earth, in which the earth moves round the 
un, but in a plane that is inclined to it in an angle 


2 4 "of 
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of about 5 degrees : and hence it is that the centre 
of the moon appears to us to trace a different circl 
from the ecliptic, the circle which the centre of the 
ſun appears to deſcribe in the heavens. Theſe Gr. 
cles cut each other in two oppoſite points, that are 
called by aſtronomers the nodes of the moon; at the 
greateſt diſtance from the nodes, theſe circles are fe. 
parated from each other by about five degrees, The 
cclipſes of the ſun and moon depend on their dif. 
tances from theſe nodes, at the time of the new and 
full moon; for, if the change of the moon happen 
when ſhe is near one of the nodes, ſhe eclipſcs the 
ſun ; and, if the moon is full, near one of the nodes, 
ſhe mult fall into the ſhadow of the earth, and there 
become eclipſed. Aſtronomers have at all times 
been very attentive to the ſituation of the nodes, in 
order to calculate theſe ecliples, which have been 
always a phenomenon much conſidered by them, 
The nodes are not fixed in the ſame part of the 
heavens, but are found to move over all the ſigns 
in the ecliptic, with a retrograde motion, in about 
eighteen or nineteen years, 


9. Sir Iſaac Newton has not only ſhewed that this 
motion ariſes from the action of the ſun, but has 
calculated, with great ſkill, all the elements and va- 
rieties in this motion, from its cauſe. We called 
theſe points the moon's nodes, in which her orbit 
cuts the plane in which the carth revolves about the 
ſun, and the line that joins the points we call the 
line of the nodes. We ſay the motion of the nodes 
1s direct when they proceed in the ſame way as the 
moon moves in her orbit, viz. from welt to eaſt, 
according to the order of the ſigns Aries, Taurus, 
&c. in the ecliptic ; and we ſay their motion is te- 
trograde, when they move with a motion contrary 


to that of the moon, or from caſt to weſt, contrary 
to 


— — — * — 


et 
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to the order of the ſigns. We conceive the plane 
of the moon's motion to paſs always through the 
centre of the carth and the centre of the moon, and 
to be a plane in which the right line joining their 
centres, and the right line that is the direction of the 
moon's motion, or the tangent of her orbit, are al- 
ways found, It is certain, that if the carth and 
moon were always acted on equally by the ſun, they 
would deſcend equally toward the fun; the plane 
determined always by theſe two lines, would deſcend 
with them, keeping always parallel to itſelf, fo that 
tie moon would appear to us to revolve in the ſame 
plane conſtantly, with reſpect to the earth, But the 
nequalitics in the action of the ſun, deſcribed above, 
will bring the moon out of this plane, to that fide 
of the plane on which the fun is, in the half of her 
orbit that is neareſt the ſun, and toward the other 
ide, in the halt of her orbit that is fartheſt from 
the fun, | 


10, From which we have this general rule for 
judging of the effect of the ſun on the nodes; that 
wile the moon is in the halt of her orbit that is 
neareſt the ſun, the node towards which ſhe is 
moving is made to move towards the conjunction 
with the ſun; and while the moon is in the half of 
ber orbit which is fartheſt from the ſun, the node 
towards which ſhe is moving is made to move 
tbwards the oppoſition : but when the nodes are in 
conjunction with the ſun, its action has no effect 
won them. In' the firſt caſe, the moon is brought 
to a direction which is on the ſame ſide, as the 
lun is, of that direction which ſhe would follow of 
berſelf: and the interſection of a plane paſling 
rough this direction, and through the centre of the 
earth, will cut the ecliptic, on that fide towards 
wich the moon moves, in a point nearer the con- 
4 junction, 
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junction, than it there was no action of the ſun tg 
diſturb her motion. In the other caſe, the action g 
the fun has a contrary direction, and for the ſame 
reaſon, makes the enſuing node move towards the 
oppolition, When the line of the nodes produce 
pailcs through the fun, then the ſun, being in the 
plane of the moon 's motion, has no elle to bring 
her to either de; and therefore, in that caſe, the 
nodcs have no motion at all, 


11. From this general rule, it appears, that if 
you ALE the nodes to be in the quarters A and e, 
(Jie. 65.) alter the moon ſets out from the node 4, 
that is, in the quarter preceding the conjunction 5, 
the enſuing node © moves towards the conjunction 
B. and is therclore retrograde; becauſe it moves in 
a dicction oppoſite to that in which the moon 
moves; and, in all this revolution of the moon, the 
nodes are maniteftly retrograde; for, after the moon 
Pailoes the quarter C that ſuce ecds the conjunction, 
then the enſuing node a moves towards the oppol:- 
tion p, fo that the nodes are, in that halt of her 
orbit alio, retrograde. | 


12. Suppoſe the nodes in the ſituation x, fo a iſ: 
one of them may be between the quarter A and the 
enſuing conjunction x, while the other node » falls 
on the oppolite point of the moon's circle, between 
the ſubiequent quarter c and the oppolition p. 12 
this caſe, while the moon moves from 4 to N, ti 
node N moves towards op conjunction B (by the ge- 

eral Principle in F 10.) and therefore its motion!“ 
direct. While the moon moves from & to c, tit 
enſuing node n moves towards the conjunction 3, 
and therefore is retrograde; and becauſe the arc x 


exceeds A N, the retrograde motion exceeds t!! 
direc: 
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rect motion. While the moon moves from e to 
„ the enſuing; node 7 moves towards the oppoſition 
», anch the motion of the nodes is then direct. But 
while the moon moves from x to a, the enſuing 
„ode N moves towards the oppoliton b, and then 
he motion of the nodes being, contrary to the mo- 
tion of the moon, their motion is retrograde ; and 
becauſe the arc n A exceeds uc, it is apparent that 
ne motion is more retrograde than direct, 


12. When (17g. 68.) one node x 1s between the 
conſunction B and the enſuing quarter c, while the 
moon moves from A to N, the enſuing node x moves 
towards the conjunction 2, and therefore is retro- 
grade: while the moon moves from & to c, the en— 
ting node n moves towards the conjunction, and is 
direct, But as the arc AN exceeds n c, the retro- 
grade motion of the nodes mult excced the direct 
motion, While the moon moves from e ton, the 
motion of the enſuing node is towards the oppoſition 
», and is therefore retrograde. While the moon 
moves from n to a, the enſuing node d moves 
wards the oppoſition p, and therefore is direct. 
ut, as the arc cx excceds An, it follows that the 
retrograde motion exceeds the direct motion. 


It appears, therefore, that in every revolution of 
the moon, the retrograde motion of the nodes ex- 
cerls the direct motion, excepting only when the 
ine of the nodes paſſes through the ſun, in which 
ale there is no motion of the nodes at all, We ſee 
im, how, from the principle of gravity, the nodes 
| the moon are made to recede every year. Our 
author has determined the quantity * of this retro- 
made motion in every revolution of the moon, and 
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in every Year ; and it is no ſmali pleaſure to foe hoy 
exactly tue theory of theſe motions, Gran fron 
their cautes, agrees with the obſcrvations of aft. 
nomers. He finds, from the theory of gravis 
that the nodes ought to move backward about 19 
18 1 in the ſpace of a year, and the aſtronomicy 
tables make this motion 19 21 21“; whoſe ci. 
ference is not 44+ of the whole motion of the nos 
in a year. By a more correct COMpUtation of r thi 
motion from its cauſe, the theory and obſerva 
agree within a few ſeconds. 


14. The inclination of the moon's orbit to ths 
ecliptic, is alio {ubject to many variations. Wis ax 
the nodes are in tn quarters 4 and c, white 


# 


mu: mos CY rom th 1e 4 arter A A TO tne con $08 


55 tr 5 acc! ON Of ch 1e ſun 3 dimini es the incl. ation Li 
the plane of her orbit; the inclination of this plæ 
is leaſt of all when the moon is in the confurctien; 


it increates again as ſne moves from the conjuncti 
E to the NENT quarter ac c, and is there reſtored: 
its firſt quantity nearly. When the nodes of t 
moon are in B and o, ſo that the line of the noc 
daſſes tarougi the tun, the inclination of the moon 
orbit is not affected by the action of the lun 00 
uſe, t cate, the plane of her Orbit procuc 
Palies througa the {un : and therefore the action 
the ſun can have no ettect to bring the moon out 
this plane to either ſide. It is in this laſt caſe th 
the incl inatio on of the moon's orbit is greateſt; 
decreaſes as the nodes move towards the quarters 
and it is lead of all when the nodes are in tn? qui 
ters, and the moon either in the conjunction 
oppoſiti n. Oar author Calculates theſe irregul 


rities from their caules, and finds his concull 
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agree very well with the obſervations of aſtro- 
nomers *. 


15. The action of the ſun diminiſhes the gravity 
of the moon towards the earth, in the conjunctions 
and oppoſitions, more than it adds to it in the quar- 
ters, and, by diminiſhing the force which retains the 
moon in her orbit, it increaſes her diſtance from the 
earth and her periodic time: and becauſe the earth 
and moon are nearer the ſun in their perihelium than 
in their aphelium, and the ſun acts with a greater 
force there, ſo as to ſubduct more from the moon's 
gravity towards the earth; it follows, that the moon 
mult revolve at a greater diſtance, and take a longer 
time to finiſh her revolution in the perihelium of the 
earth, than in the aphelium; and this alſo is con- 
ſormable to obſervation, 


16, There 1s another remarkable irregularity in 
tie moon's motion, that allo ariſes from the action 


* To make the foregoing account of the motion of the 
moon's nodes ſtill clearer, we have added Fig. 69, (Plate VI.) 
in which, the plane of the ſcheme repreſenting that of the 
ecliptic, s is the ſun, T the centre of the earth, the moon 
iu her orbit Dx dz; N is the line of the nodes paſſing between 
tie quadrature Q and the moon's place 1, in her laſt quarter. 
Let now L P, any part of Is, repreſent the exceſs of the ſun's 
action at V, above his action at r, and this being reſolved into 
tie force L R, perpendicular to the plane of the moon's orbit, 
ade parallel to it, *tis the former only that has any effect to 
ater the poſition of the orbit, and in this it is wholly exerted, 
lt eſfect is twofold ; (1.) It diminiſhes its inclination, by a mo- 
ton which we may conceive as performed round the diameter 
4, to which LT is perpendicular. (2.) Being compounded 
with the moon's tangential motion at 1,, it gives it an interme- 
date direction L ?; thro' which, and the centre of the earth, a 
lane being drawn muſt meet the ecliptic nearer the conjunction 


C than before: and in the ſame manner, the other caſes are ex- 
plained. 


of 
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of the ſun : I mean, the progreſſive motion of the 
apſides. The moon deſcribes an ellipſe about the 
centre of the earth, having one of the foci in thy 
centre, Her greateſt and leaſt diſtances from the 
earth are in the apſides, or extremities of the longer 
axis of the ellipſe. This is not found to point al. 
ways to the ſame place in the heavens, but to move 
with a progreſſive motion forwards, ſo as to finiſh 
a revolution round the earth's centre in about 
nine years. 


To underſtand the reaſon of this motion of the 
apſides, we mult recollect what was ſhewed above, 
that, if the gravity of a body decreaſed leſs as the 
diſtance increaſes, than according to the regular 
courſe of gravity, the body would deſcend ſooner 
from the higher to the lower apſis, than in half a 
revolution; and therefore the aplis would recede in 
that caſe, for it would move 1n a contrary direction 
to the motion of the body, mceting it in its motion, 
But if the gravity of the body ſhould decreaſe more 
as the diſtance increaſes than according; to the regu- 
lar courſe of gravity, that is, in a higher proportion 
than as the ſquare of the diſtance increaſcs, the body 
would take more than halt a revolution to more 
from the higher to the lower apſis; and therefore, 
in that caſe, the apſides would have a progreflive 
motion in the ſame direction as the body. 


In the quarters, the ſun's action adds to the gra- 
vity of the moon, and the force it adds is greater, 
as the diſtance of the moon from the carth is greater; 
fo that the action of the ſun hinders her gravity 
towards the earth, from decreating as much While 
the diſtance increaſes, as it ought to do according to 
the regular courſe of gravity ; and therefore, while 


the moon is in the quarters, her apſides mult recede. 
In 
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ln the conjunction and oppoſition, the action of the 
ſun ſubducts from the gravity of the moon towards 
the earth, and ſubducts the more the greater her 
ciſtance from the earth is, ſo as to make her gra- 
vity decreaſe more as her diſtance increaſes, than 
according to the regular courſe of gravity ; and 
therefore, in this caſe, the apſides are in a progreſſive 
motion. Becaule the action of the ſun ſubducts 
more in the conjunctions and oppoſitions from her 
| oravity, than it adds to it in the quarters, and, in 
general, diminiſhes more than it augments her gra- 
vity z hence it is that the progreſſive motion of the 
aplides exceeds the retrograde motion; and there- 
fore, the apſides are carried round according to the 
order of the ſigns. 


17. Thus the various irregularities of the moon's 
motion are explained from gravity: and from this 
theory, with the aſſiſtance of a long ſeries of ac- 
curate obſervations, her motion may be at length 
euced fo exactly to computation, and her ap- 
pulies to the fixed ſtars, over which ſhe paſſes 
in her courſe, may be predicted with ſo much ac- 
curacy, as to afford, on many occaſions, an op- 


portunity to navigators, to diſcover their longitude 
at lea, | 
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Of the path of a ſecondary planet upon an immu), 
plane ;, with on illuſtration of Sir Iſaac Newtor', 
account of the motions of the ſatellites, from 1}, 
theory of gravity *. 


N deſcribing the motions of the ſolar ſyſtem, | 

is uſual to conſider the primary planets, as n. 
volving in immoveable planes, but to refer the mo- 
tions of the ſatellites to planes that are carried along 
with their primaries about the ſun. Sir IJſaac New. 
ton follows the ſame method, in accounting for ther 
| motions from the theory of gravity : by this analyſi, 
the explication of the motions themſelves, and f 
the powers that produce them, 1s rendered more 
ſimple and eaſy, than if we ſhould refer the motion 
of the ſatellite to an immoveable plane, and con. 
template only the path deſcribed by it, in conſe. 
quence of ſo compounded a motion, in abſolute 
ſpace, 


The properties, however, of this path are more 
ſimple than perhaps will be expected on a ſuperficial 
conſideration of it; and the referring of the motion 
of the ſatellite to it, may be of uſe on ſome occt- 
ſions, particularly for reſolving the difficulties ſome 
have found to underſtand Sir I/aac Netoton's account 
of the motions of the ſatellites, from gravity, This 
path is, in ſome caſes, concave towards the {un 
throughout; in other caſes, the part of it nearet 


— agg _ ao <a i i. — ah « Mi. At. th. as 


The following chapter, as belonging properly to this place, 
is inſerted from a letter of the author, to his learned friend Di. 
Benjamin Hoadley, phyſician to his Majeſty's houſehold. ' 
the 
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the ſun is convex towards the ſun, and the reſt is 
concave. An inſtance of the former we have in 
the moon, of the Jatter in the ſatellites of the ſupe- 
rior planets. 


The force that bends the courſe of the ſatellite 

into a curve, when the motion is referred to an im- 
moveable plane, is, at the conjunction, the diffe- 

rence of its gravity towards the ſun, and of its gra- 

vity towards the primary. When the former pre- 

vails over the latter, the force that bends the courſe 

of the ſatellite tends towards the ſun; conſequently, 

the concavity of the path is towards the ſun: and 

this is the caſe of the Mon, as will appear afterwards. 
| When the gravity towards the primary exceeds the 
gravity towards the ſun, at the conjunction, then 
the force that bends the courſe of the ſatellite tends 

towards the primary, and therefore towards the op- 

poſition of the ſun ; conſequently the path is there 1 

convex towards the ſun: and this is the caſe of the 31 
ſatellites of Jupiter. When theſe two forces are q 

equal, the path has, at the conjunction, what ma- 

thematicians call a point of rectitude; in which caſe, | 

however, the path is concave towards the ſun i 
throughout. 


Becauſe the gravity of the moon towards the ſun | 
5 found to be greater, at the conjunction, than her | 
gravity towards the earth, ſo that the point of equal 
attraction, where thoſe two powers would ſuſtain 
each other, falls then between the moon and carth, 
lome * have apprehended that either the parallax of 
the ſun is very different from that which is aſſigned 
by aſtronomers, or that the moon ought neceſſarily 
to abandon the earth, This apprehenſion may be 


dee Co/notheoria puetilis. 
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eaſily removed, by attending to what has been ſhewn 
by Sir Jaac Newton, and is illuſtrated by vulgar ex- 
periments, concerning the motions of bodies about 
one another, that are all acted upon by a third force 
in the lame direction. IThcir relative motions, not 
being in the leaſt diflurbed by this third force, if it 
act equally upon them in parallel lines; as the reh. 
tive motions of the ſhips in a fleet, carried away by 
a current, are no way affected by it, if it act equally 
upon them; or as the rotation of a bullet, or bomb, 
about its axis, while it 1s projected in the air, or the 
figure of a drop of falling rain, are not at all affected 
by the gravity of the particles of which they are 
made up, towards the earth. It is to the inequali 
of the actions of the ſun upon the earth and moon, 
and the want of paralleliſm in the directions of these 
actions, only, that we are to aſcribe the irregulari- 
tics in the motion of the moon. 


But it may contribute towards removing this diff 
culty, to obſerve, that if the abſolute velocity of the 
moon, at the conjunction, was leſs than that which 
is requiſite to carry a body in a circle there around 
the fun, ſuppoſing this body to be acted on by the 
lame force which acts there on the moon, (i. e. by 
the excels of her gravity towards the ſun, above her 
gravity towards the earth,) then the moon would, 
indeed, abandon the earth. For, in that caſe, the 
moon having leſs velocity than would be neceſſary 
to prevent her from deſcending within that circle, 
ſhe would approach t6 the ſun, and recede from the 
earth, But tho” the abſolute velocity of the moon, 
at the conjunction, be leſs than the velocity of the 
earth in the annual orbit, yet her gravity towards the 
ſun is ſo much diminiſhed by her gravity towards 
the earth, that her abſolute velocity is ſtill much ſu- 
perior to that which is requiſite to carry a be 

Circle, 
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circle, there, about the ſun, that is acted on by the 
remaining force only. Therefore, from the moment 
of the conjunction, the moon is carried without ſuch 
1 circle, receding, continually from the ſun to greater 
and greater diſtances, till ſhe arrive at the oppoſi— 
tion; where, being acted on by the ſum of thoſe 
two gravities, and her velocity being now leſs than 
what is requiſite to carry a body in a circle, there, 
| about the ſun, that is acted on by a force equal to 
that ſum, the moon thence begins to approach to 
the ſun again. Thus ſhe recedes from the ſun and 
approaches to it by turns, and in every month her 
path has two apſides, a perihelium at the conjunction, 
and an apbelium at the oppoſition; between which 
ſhe 18 always carried, in a manner ſimilar to that in 
uhich the primary planets revolve between their ap- 
aeg. The planet recedes from the fun at the pcri- 
061.14, becauſe its velocity, there, is greater than 
that with which a circle could be deſcribed about the 
un, at the ſame diſtance, by the ſame centripetal 
ſorce; and approaches towards the fun from the 
ahelum, becauſe its velocity there, is leſs than is 
reguifite, to carry it in a circle, at that diſtance, 
wout the ſun, See my Treatiſe of Flunlons, Art. 


445 
1 


Tho” the path of the moon be concave towards 
the ſun throughout, its curvature is very unequal : 
is leaſt at each lower apſide or conjunction, and 
preateſt at each higher apſide or oppoſition, The 
4th of a ſatellite of Jupiler has likewiſe two apſides, 
In the part which is deſcribed every ſynodic revolu- 
on; but in the lower apſide, the convexity is 
owards the ſun; and it has likewiſe two points of 


Mrary Hexure in every ſuch part “. 


See the note to Corel. 1. Prop. II. below. 
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By conſidering this path, we ſhall arrive at the 
ſame concluſions which Sir 1ſaac Newton derived, 
more briefly, from the laws of motion ; that if the 
ſolar action was the ſame on the ſatellite and on the 
primary, and in the ſame direction, the motion of 
the ſatellite around the primary, would be the ſame 
as if the ſun was away. This will appear from the 
tollowing propoſitions, where we ſuppoſe the orbit 
of the primary about the ſun, and of the ſatellite 
about the primary, to be both circular, and the 
motions in theſe orbits to be uniform and in the 
ſame plane, 


PROPOSITION I. Fig. 50. Pl. VI, 


£# % 


The path of the ſatellite, on an immoveable p lan; i 
the epicycloid that is deſcribed by a given point in th 
plane of a circle, which revolves on a circular biſs 
having its centre in the centre of the ſun, and its di. 
meter in the ſame proportion to the diameter of ile ni 
dolding circle, as the periodic time of the primary 
ebout the ſun, to the time of the ſynodic reveluticn i 
the ſatellite about the primary: the tangent of the putt 
7s perpendicular to the right line that joins the ſateliit 
to the contact of the two circles: and the abſolute v. 
tocity of the ſatellite is always as its diſtance from thi 
contact. | 


— 25 nt Gans & cnc £aÞ.cs PTY 


Let r denote the periodic time of the primat 
about the ſun, f the periodic time of the fatellit 
about the primary. Let s repreſent the ſun, 4 
the orbit of the primary; upon the radius As, tate 
A E to As as f is to T. From the centre s defcrit 
the circle Bez, and from the centre a the circt 
E Mr. Let this circle EMF revolve on the oth! 
E EZ, as its baſe: then a point L, taken on the par 
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of the circle ꝝx M x, at the diſtance a 1, equal to the 
diſtance of the ſatellite from the primary, ſhall de- 
ſcribe the path of the ſatellite. 


For ſuppoſe the circle x MF to move into the ſitua- 
tion emf, the point a to a, L to /, and let aL and 
al, produced, meet Ex MFH and emf, in u and m. 
Upon the arc em take er RE M, then the angle 
ear=E AM. Let ar meet the circle c /d, deſcribed 
| from the centre @ with the diſtance a /, in 3; and 
becauſe e a AL, the angle ea repreſents the 
| elongation of the ſatellite from the ſun at its firſt 
| place I. Becauſe em (Sem) S ENTE M and 
| e7=EM, it follows that mee E; conſequently the 
| angle ram: es E: :S E: AE: T— 7:7; or, as the 
angular velocity of the ſatellite from the ſun, to the 
angular velocity of the primary about the ſun. But 
se is the angle deſcribed by the primary about the 
ſun, conſequently ra m, or l, is the ſimultaneous 
increment of the elongation of the ſatellite from the 
ſun; 7 1s its place when the primary comes to az 
and the epicycloid deſcribed by J is the path of the 
ſatellite, 


Becauſe the circle x My moves on the point x, the 
direction of the motion of any point L is perpendi- 
cular to EL; or the tangent of the path at any point 
L 1s perpendicular to EL. The velocity of any point 
Vis as its diſtance E L; and, the motion of the pri- 
mary A being ſuppoſed uniform and repreſented by 
. a, the velocity of the ſatellite ſhall be repreſented 

VEL, 


PROPOSITION I. 


Upon As take A B: As: : tt: Tr (er AB: AE :: 
AE:AS); upon the diameter E B deſcribe the circle 
A a 3 EK B 
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E KP meeting E I. in k, late LO @ third proporiicmy] 
to LK and, 1.x, on the ſame fide of l. with L Kk; and 
o foal be the centre of the curvature at L of the pat, 
end Lo the ray of curvature, 


Becauſe x r and el are perpendicular to the path 
at the points L and 4, let them be produced, and 
their ultimate interſection o ſhall be the centre o 
curvature at . Produce qe till it meet LE iny, 
join sv, and the angle sev=qea=LEA=SEv; 
conſequently the angle evE=eSE, the angle xy; 
Se sk, and the angle Evs=Ees, andes v is ult- 
mately perpendicular to xo. Now the angle x0: 
is ultimately to EVe (=ESC) as EV too, that i; 
(becauſc EV: EK :: ES: ERH: : AS: AE) AS EKXaSt 
EOXAE, But the angular motion of EL. being 
equal to the angular motion of x a, while the circk 
E MF turns on the point k, LE / is therefore ulti- 
mately equal to A Ea, which is to ESe as $a 00 
AE; and Eve being to LEI as EL to Lo. it fol. 
lows that EOe: ESe: :S AX EKL: AEXLOGGEKNXSA! 
EO XA E. Therefore EL: LO: : EK: E O, and EL: 
L K:: LO: E I., or LK, LE and LO are in continued 
proportion. This theorem ſerves for determining 
the ray of curvature of epreycloids and cycloids of al 
forts; only when the bale ze is a right line, a 
vainſhes, and E B becomes equal to E A. 


Corel, 1. When A l or ac is leſs than a B, then 
(becauſe 1.0 is always on the ſame fide of the point 
I. with l Kk) the path is concave towards s through. 
out. When ac=a B, the curvature at the con- 
junction vaniſhes, or the path has there a point of 
rectitude. M ben AC is greater than A B (or 4X 


—), a portion of the path near the conjunction 


convex towards s, becaule a part of the circle c 10 
4 g v ' 6 _— h falls 
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falls within the circle g K ER; and when L comes to 
either of the interſections of theſe two circles, the 
path has a point of contrary flexure “. 


Corol. 2. In the caſe of the moon, t?:;:TT::1: 
178, and AB=753XAS; but Ac is about -;1,X 
as; conſequently a c is leſs than A B, and the 
path of the moon is concave towards the ſun 


throughout. 
PROPOSITION II. 


Let A B: AS:: tt: TT, and the force by which the 
path of the ſatellite can be deſcribed on an immoveable 
plane, is always directed io the point ; upon the ray 
as; and is always meaſured by B L the diſtance of the 
ſatellite from the point n, the gravity of the primary 
towards the ſun being repreſented by B A. 


We conceive the force by which this path could 
be deſcribed, on an immoveable plane, to be reſolved 
into a force that acts in the direction Lo, perpendi- 
cular to the path, and bends the path, but has no 
cttect on the velocity of the ſatellite; and a force 
perpendicular to L o that accelerates or retards the 
motion of the ſatellite. The former of theſe is 
meaſured by L Kk, the latter by B k, the gravity of 
the primary towards the ſun being meaſured by AB. 
For the former is to the gravity of the primary 


2 2 . 
towards s, as — to— (thoſe forces being directly 
A 


as the ſquares of the velocitics, and inverſely as the 


* If A crx, theſe points meet again, and form a ca - 
and if ac is greater than A E, the path has a modus which laſt 
- the caſe of the innermoſt of the ſatellites of Jupiter and 

aturn, 


Aa 4 rays 
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rays of the curvature) that is, as LK to as, by 
Prop. II. Therefore the gravity of the primary 
being repreſented by a B, the former force will be 
meaſured by L k. 


The ſecond force that acts on the ſatellite in the 
direction of the tangent of its path, and accelerates 
or retards its motion, is as the fluxion of the velo- 
city EL directly, and the fluxion of the time inverſe. 


ly. The fluxion of the time is meaſured by — 
(a a being the arc deſcribed by the primary, and 


E A the velocity with which it is deſcribed) = — 


FM [aXtar 


r (ſuppoſing an and qu to be perpendi. 


eulars to el in» and u, becauſe 14: 1u::ac:an, ot 


S <5 
AC:AN) — . Therefore the force which 
E BXAN BK 


is meaſured by I u, the fluxion of the velocity 2% 


ME , . I u 
or EL, divided by the fluxion of the time or — i 


meaſured by BK. The force, therefore, in the di- 
rection LE being meaſured by LK, and the force in 
the perpendicular direction KB by « 2, the com- 
paunded force is meaſured by L B, and is directed 
from L to B, 


It appears, from what has been demonſtrated, 
that the path may be deſcribed by a force directed 
towards the point B, (which is given upon the ray 
As, but revolves along with this ray about s) or by 
any forces which, compounded together, generate 
a force tending to B, and always proportional to 13, 
the diſtance of the ſatellite from B. Let Ln be 
equal and parallel to AB, and a B HL ſhall be a pa- 
rallellogram, and the force L K may be pen 
0 
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of LH and LA; that is, the force L K may be the 
reſult of a force LH acting on the ſatellite, equal and 
parallel to A B, the gravity of the primary towards 
the ſun, and of a force L a tending to the primary, 
and equal to the gravity by which the ſatellite would 
deſcribe the circle LD about the primary, in the 
ſame periodic time 7, if the ſun was away; becauſe 
ſuch a force is to the gravity of the primary towards 


L 


A As 
the ſun, (repreſented by A B) as A to 06-24-41 


/ TC 


tt 
to 9 


Thus we arrive at the ſame concluſion which Sir 
Iſaac Newten, more briefly, derived from an analyſis 
of the motions of the ſatellite z that while the ſatel- 
lite gravitates towards the primary, if, at the ſame 
time, it be acted on by the ſame ſolar force as the 
primary, and with a parallel direction, it will re- 
volve about the primary, in the ſame manner as if 
this laſt was at reſt, and there was no ſolar action. 
Theſe two forces, the gravitation towards the pri- 
mary, and a force equal and parallel to the gravita- 
tion of the primary towards the ſun, are exactly ſut- 
ficient to account for the compounded motion of the 
latellite in its path, however complex a curved-line 
it may appear to be. Nor is there any perturbation 
of the ſatellite's motion, but what ariſes from the 
inequality of the gravity of the ſatellite, and of the 
primary towards the ſun, or from their not acting 
in parallel lines. If we ſhould ſuppoſe them to move 
about their common centre of gravity, while this is 
carried round the ſun, or if we ſuppoſe the orbits to 
ve elliptical, the concluſions will ſtill be found con- 
lonanc to what was more briefly deduced by this 
great author. 
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C11 1 EF... 


Of the figure of the earih, aud the preceſſion of 11, 


7 ICXCS, 


1. FF the earth was fluid, and had no motion on 
Its axis, the equa] gravitation of its part; 


towards each other would give it a figure exa®!; 


ſpherical, the columns from the ſurface to the centro 
mutually ſuſtaining each other at equal heights from 
it, But, becauſe of the diurnal rotation of the earth 
on its axis, the gravity of the parts at the equator i: 
diminiſhed by the centrifugal force ariſing from thi: 
rotation; the gravity ot the parts on either five of 
the equator is dinumithed leſs, as the velocity of ro- 
tation is lels, and the centrifugal force, ariſing from 
it acts lets directly againit the giavity of the parts; 
while the gravity at the poles is not at all affected by 
the rotation. The equilibrium that was ſuppoſed to 
be amongſt the parts will not, therefore, now ſubſiſ 
in a {pherical figure, but will be deſtroyed by the 
inequality of their gravitation, till the water rile at 
the equator and fink at the poles, ſo as, by a greater 
height at the equator, to compenſate the greater gra- 
vity at the poles; and till, by aſſuming an interme- 
viate height in the intermediate places, the whole 
earth become of an obiate ſpheroidal form, whoſe 
diameter at the equator will be the greateſt, and the 
axis the leaſt, of all the lines that can paſs througi 
the centre. 


2. If the gravity of a body at the equator was 
deſtroyed, the motion of rotation would there make 
it go off in a tangent to the earth z and by moving 
in the tangent it would rife, in a ſecond of time, 
! from 


- 
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from the ſpherical body of the earth, as much as 
one extremity of the arc which bodies delcribe there, 
in a ſecond, falls below the tangent drawn at the 
other extremity : and this 1s found to be a ſpace of 
about 7,54 lines, 1'rench meaſure. The effect of 
the centrifugal force of bodies at the equator, in a 
{cond of time, is proportional to this ſpace, The 
effect of the centrifugal force at any place at a dif. 
tance from the equator, for example, at Paris, is 
ſeſs for the reaſons above mentioned; and, there, it 
is ſound, by calculation, that 1t could only produce 
1 motion of 43,267 lines in a ſecond. Add this to 
what, by. experiments, bodies. are found to deſcribe 
by their gravity at Paris, viz. 15 feet, 1 inch and 
2 lines, and the ſum 2177, 267 lines will ſhew the 
ſpace which bodies would deſcribe by their gravity, 
in a ſecond of time, if there was no centrifugal 
force there. By comparing this with the effect of 
the centrifugal force at the equator, in the ſame 
time, we ſhall find that the centritugal force, there, 
is the +; part of the power of gravity, becauſe 
7,54 is tO 2177,207 as 1 to 289. | 


2. From this it follows, that a body at the equa- 
tor loſes ue, at leaſt, of its gravity; and the 
equator mult be, at leaſt, + higher than the poles 
from the centre of the earth. But as the parts of 
the equator loſe ſtill of their gravity as they riſe from 
the centre of the earth, and the regular courſe of 
gravity is altered by the change of figure, this is 
not the true proportion of the height of the earth 
at the equator, to its height at the poles, 


Our author, who was never at a loſs to find ſome 
expecient by which he might determine, accurately 
or near the truth, what he wanted; in order to take 
n theſe perplexed conſiderations, aſſumes, as an 
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By pot heſis, that the axis of the earth is to the diame. 
ter of the equator, as 100 to 101; he thence de. 
termines what muſt be the centrifugal force at the 
equator, that the earth might take ſuch a form, and 
finds it muſt be 44, of gravity, and therefore would 
exceed the preſent centritugal force there, which is 
only 2 of gravity. By the rule of proportion, he 
ſays, that if a centrifugal force equal to 44. of gra- 
vity, would make the earth higher at the equator 
than at the poles, by 43+ of the whole height at the 

oles, a centrifugal force that is the 434 of gravity, 
will make it higher by a proportional exceſs, which 
is found by calculation to be 44,4 of the height at 
the poles; and thus our author diſcovers that the 
diameter at the equator is to the diameter at the 
poles, or the axis, as 230 to 229. 


4. This computation ſuppoſes the earth to be of 
an uniform denſity every where : but if the earth is 
more denſe near the centre, then bodies at the poles 
will be more attracted by this additional matter 
being nearer to it; and, for this reaſon, the excels 
of the ſemidiameter of the equator above the ſemi- 
axis will be different. What we have ſaid of a fluid 
earth muſt hold of the earth in its preſent ſtate; for 
if it had not this figure in its ſolid parts, but a ſphe- 
rical figure, the ocean would overflow all the equa- 
torial regions, and leave the polar regions elevated 
many miles above the level of the ſea; whereas we 
find the one is no more elevated above the level of 
the ocean, than the other. 


5. The planet Jutiler revolves on his axis with 
much more rapidity than our earth, and finiſhes his 
diurnal rotation in leſs than ten hours, The denſity 
of that planet is alſo leſs; and therefore his figure 
is more different from a ſphere than the figure of 


the 
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the earth, and his equatorial diameter exceeds his 
axis in a greater proportion. Their difference is fo 
ſenſible, that they are found, by the obſervations of 
aſtronomers, to be to one another as 13 is to 12, 


6. The decreaſe of gravity from the poles towards 


the equator, is very manifeſt from the motion of 
pendulums. A pendulum that vibrates, in a ſecond, 
in the northern regions, when carried to the equa- 
tor, is always found to move too ſlow, and requires 
to be made ſhorter to vibrate truly in a ſecond, This 
ſhews the gravity 1s leſs there : and this obſervation 
confirms the diurnal motion of the earth, and its 
oblate ſpheroidal figure at he ſame time. It is alſo 
a conſequence of this figure of the earth, that the 
degrees in a meridian mult increafe from the equa- 
tor to the poles ; but the difference is ſo ſmall that 
it cannot be diſcovered, from obſervation, but in 
latitudes that differ conſiderably fromo each other; 
and the variation of the degrees, that are near one 
another, appears, by our author's computations, 
to be incomparably leſs adapted for judging of the 
figure of the earth, than the motion of pendulums, 


in which the leaſt variation becomes very ſenſible, in 
a great number of vibrations. 


7. Some have imagined the ſlowneſs of the pen- 
dulums, at the equator, may have proceeded, from 
the rod of the pendulum being extended to a greater 
length, by the heat: but our author has ſhewed, 
that this could produce but a very ſmall part of the 
effect. Mr. Richer, who was very careful in making 
his obſervations, found, that a pendulum vibrating 
in a ſecond of time, in the iſland of Cayenne, was 
ſhorter than one that vibrated, in the ſame time, at 


Paris, by one line and a fourth part of a line. Our 


author, with good reaſon, thinks that a I 
0 
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of one lixth part of a line, may be allowed as the 
effect of the heat; and, ſubducting this from the 
difference obſerved by Mr. Richer, the remainder, 
1 line and r of a line, is the difference owing to 
the decreaſe of gravity, and is very conſonant to 
what our author draws from his theory. Ths ob- 
ſervation and our author's theory agree, in allowing 
ſeventcen miles for the exceſs of the height of the 
earth at the equator, above its height at the poles, 


8. From the oblate figure of the earth, our au- 
thor has accounted for the preceſſion of the equinoncs. 
We commonly ſuppoſe, that, while the earth moves 
in her orbit round the fun, her axis contnucs always 
parallel to ut{cit, ſo as to form an invariavic augie 
with the ecliptic of about 662? : from hence it is, 
that the plane of the equator is inclined to the ecup- 
tic, in an angle of 232, and produced paſics 
through the@centre of the ſun, twice only in every 
revolution. The points of the heavens, where the 
centre of the ſun appears to be, in theſe two caſcs, 
are called the cquinoctial points, In any other parts 
of the earth's orbit, the fun is on one fide of the 
plane of the equator ; being to the north of it in 
the ſummer half of the year, and to the ſouth of it 
in the winter half. Theſe equinoctial points are not 
lixed in the heavens, but have a ſlow motion, from 
eaſt to weſt, among the ſtars, of about go“ in a 
year; and hence it is, that the interval of time be- 
twixt any equinox and that ſame equinox, in the 
following revolution of the earth (which aſtronomers 
call the tropical year), is ſome minutes ſhorter than 
the /dcreal year, or the period wherein the earth re- 
volves ſrom one point of her orbit, to the ſame point 
again: and, becauſe the retrograde motion of the 
equinoctial points thus advances the time of every 
equinox a little ſooner than it would otherwiſe have 

hap- 


Chap. 6. PHarLosoPHICAL DiscovERIES. 367 


happened, this phænomenon is called the preceſſion 
of the equinoxcs. The philoſophers who maintained 
the Ptolemaic ſy ſtem aſcribed this motion to the fixed 
ſlars; and, in their ordinary way, made no ſcruple 
to contrive a ſphere for this purpoſe, which they 
ſuppoſed to revolve with a very ſlow motion on the 
poles of the ecliptic, and to carry all the fixed ſtars 
along with it; whereas this phznomenon is ac- 
counted for by a retrograde motion of the nodes of 
the equator and ecliptic, ſimilar to the motion of the 
nodes of the moon's orbit. 


It was ſhewn above, how the action of the ſun 
produces the retrograde motion of the nodes of the 
moon ; and it follows, from the ſame principles, 
that if a planet revolved about the earth near to its 
furface in the plane of the equator, its nodes would 
alſo go backward, tho' with a flower motion than 
thoſe of the moon, in proportion as its diſtance from 
the earth's centre was leis than that of the moon. 
Suppoſe the number of ſuch planets to be increaſed 
till they touch each other, and form a ring in the 
equator, and the nodes of this ring would go back-- 
ward in the ſame manner as the nodes of the orbit 
of any one planet revolving there, Suppole then 
this ring to adhere to the earth; and its nodes would 
{till go backward, but with a much flower motion, 
becauſe the ring mult move the whole earth, to 
which it 1s ſuppoſed to adhere, The elevation of 
the equatorial parts of the earth has the ſame effect 
as ſuch a ring would have; only the motion of the 
nodes of the equator, or of the equinoctial points, 
is flower, becauſe the accumulated parts of the earth, 
above a ſpherical figure, are diffuſed over its ſurface, 
and have a leſs effect than if they were all collected 
in the place of the equator, in the form of a ring. 
The moon has a greater force on this ring than the 

ſun, 
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ſun, becauſe of her leſs diſtance from the earth; 


and they both contribute to produce the retrograde 


motion of the equinoctial points: the motion, how. 
ever, produced by both is ſo ſlow, that thoſe points 
will not finiſh a revolution in leſs than 25000 years, 
Our author has determined the quantity of this mo- 
tion, from its cauſes, and finds it, from the theory, 
to be perfectly conſonant with the obſervations of 
aſtronomers. 


There is another effect of the action of the ſun 


and moon on this ring, which is too ſmall to be ſen- 
ſible in aſtronomical obſervations: their action on 
the ring, 
creaſe and increaſe, by turns, twice every year. 


CHAF. VI. 
Of the ebbing and flowing of the ſea, 


T is not in the motions of the celeſtial bodies 


oaly, that the effects of their mutual gravita- 
tion are viſible, for we are now to ſhew, that a phæ- 
nomenon which paſſes on our earth, and is known 
to every body, proceeds from the ſame principle; 
I mean, the ebbing and flowing of the ſea, the ſo- 
lution of which, from the bad ſucceſs of thoſe who 
attempted it before our author, had become a re- 
proach to philoſophy. But he has very plainly and 
fully accounted for it, from the unequal gravitations 
of the parts of the earth towards the ſun and moon. 
It will be worth while, becauſe it is a very celebrated 
queſtion, to be the more particular in explaining his 
folution of it, 2 


It 


makes its inclination to the ecliptic to de- 
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It is obvious, that, if the earth was entirely fluid, 
and quieſcent, its particles, by their mutual gravity 
towards each other, would form themſelycs into the 
figure of an exact ſphere. Suppoſe now, toat ſome 
power acts on all the particles of this carth, with an 

equal force, and in parallel directions, tue whole 
maſs will be moved by ſuch a power, but its ſigure 
will ſuffer no alteration by it; becauſe all the parti- 
cles being equally moved by this power, in parallel 
lines, they will {till keep the ſame ſituation with re- 
ſpect to each other, and ſtill form a ſphere, whoſe 
centre will have the ſame motion as each particle. 
For, as a drop of water, while it falls towards the 
earth, retains its ſpherical figure; and, as the fitua- 
tion of bodies in a ſhip, that moves with an uniform 
motion forward, is no way affected by the motion 
_ is common to the ſhip and all the bodies in 
; ſo the ſituation of the parts of the earth, ye 
relpekt to each other, can be no way affected by a 
power that acts with the ſame force, and in the fur 
direction, on every part, and promotes each equally. 


We have already ſhewed, that the particles of the 
earth gravitate towards the moon, and if the gravi- 
tation of the particles was every where the fame, and 
ated in the ſame direction, it would have no effect 
on the figure of the earth; ſo that, if the motion 
of the earth round the common centre of gravity of 
the earth and moon was deſtroyed, and the earth 
was left to the influence of its gravitation towarc!s 
the moon, the earth falling towards the moon would 
retain its ſpherical figure, all the parts being equally 
carried on, and retaining, therefore, the ſane fitua- 
tion with reſpect to each other, 
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But the actions of the moon, on different parts of 
the earth, are unequal; thoſe parts, by the general 
law, being moſt attracted which are neareſt the 
moon, and thoſe being leaſt attracted which are 
fartheſt from the mocn ; while the parts that are at 
a middle diſtance, are attracted by a mean degree of 
force: nor are all the parts acted on in parallel lines, 
but in lines directed towards the centre of the moon: 
and, on theſe accounts, the ſpherical figure of the 


carth muſt ſuffer ſome change from the moon's 
action, 


Suppoſe the earth to fall towards the moon, as 
betore, and let us abſtract trom the mutual gravita- 
tion of its parts towards each other, as alſo from 
their coheſion ; and it will eaſily appear, that the 
parts neareſt the moon would fall with the ſwifteſt 
motion, being moſt attracted, and that they would 
Icave the centre or greater bulk of the earth behind 


them in their fall; while the more remote parts 


would fall with the ſloweſt motion, being leſs at- 


tracted than the reſt, and be left a little behind the 


bulk of the carth, ſo as to be found at a greater 
diſtance from the centre of the earth than at the be- 


ginning of the motion. From which it is manifeſt, 
that the earth would ſoon loſe its ſpherical figure, 
and form itſelf into an oblong ſpheroid, whoſe long- ! 
eſt diameter would point at the centre of the moon. 


If the particles of the earth did not gravitate towards 


each other, but towards the moon only, the diſtances | 
betwixt the parts of the earth that are ſuppoſed to be 
neareſt to the moon, and the central parts, would } 
continually increaſe, becauſe of their greater celerity 

in falling; and the diſtance betwixt the central parts, 
and the parts that are fartheſt from the moon, would | 
increaſe conunually at the fame time; thele being 
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left behind by the central parts, which they would 
follow, but with a leſs velocity. Thus the figure 
of the earth would become more and more oblong, 
that diameter of it which pointed towards the moon 
continually increaſing. 


But this is not the only reaſon why the carth 
would ſoon aſſume an oblong ſpheroidal form, if its 
parts were allowed to fall freely by their gravity 
towards the moon's centre. The lateral parts of the 
carth (that is, thoſe which are at the diſtance of a 
quarter of a circle from the point which 1s directly 
below the moon) and the central parts deſcending 
with equal velocities, towards the ſame point, viz. 
the centre of the moon, in approaching to it, would 
manifeſtly approach, at the ſame time, to each other, 
and, their diſtance growing leſs, the diameters of 
the earth paſting through them would become leſs; 
ſo that the diameter of the earth that points towards 
the moon would increaſe, and thoſe diameters of the 
earth that are perpendicular to the line joining the 
centres of the earth and moon, would decreaſe at 
the ſame time, and render the figure of the earth 


ſtill more oblong for this reaſon. 


Let us now allow the parts of the earth to gra- 
vitate towards its centre; and, as this gravitation far 
exceeds the action of the moon, and much more ex- 
ceeds the differences of her actions on the different 
parts of the earth, the effect that will reſult from 
the inequalities of theſe actions of the moon, will 
be only a ſmall diminution of the gravity of thoſe 
parts of the earth which it endeavoured, in our 
former ſuppoſition, to ſeparate from its centre, and 
a ſmall addition to the gravity of theſe parts which it 
endeavoured to bring nearer to its centre; that is, 
thoſe parts of the earth which are neareſt to the 
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moon, and thoſe which are fartheſt from her, will 
have their gravity towards the earth ſomewhat abated; 
whereas the lateral parts will have their gravity in- 
creaſed : fo that, if the earth be ſuppoſed fluid, the 
columns from the centre to the neareſt and to the 
fartheſt parts muſt riſe, till, by their greater height, 
they be able to ballance the other columns, whoſe 
gravity is either not ſo much diminiſhed, or is in- 
creaſed by the inequalities of the action of the moon: 
and thus the figure of the fluid earth mult be till an 
oblong ſpheroid. 


We have hitherto ſuppoſed the earth to fall 
towards the moon by its gravity. Let us now con- 
ſider the earth as projected in any direction, fo as to 
move round the centre of gravity of the earth and 
moon: it is manifeſt, that the gravity of each par- 
ticle towards the moon will endeavour to bring it as 
far from the tangent, in any ſmali moment of time, 
as if the earth was allowed to fall freely towards the 
moon; in the ſame manner as any projectile at our 
earth, falls from the line of projection as far as it 
would fall by its gravity in the perpendicular, in the 
ſame time. Therefore the parts of the earth neareſt 
to the moon, will endeavour to fall fartheſt from the 
tangent, and thoſe fartheſt from the moon will en- 
deavour to fall leaſt from the tangent, of all the 
parts of the carth; and the figure of the earth, 
therefore, will be the ſame as if the earth fell freely 
towards the moon: that is, the earth will {till affect 


a ſpheroidal form, having its longeſt diameter directed 
towards the moon. 


What muſt be carefully attended to here, is, that 
it 15 not the action of the moon, but the inequalities 
in that action, that produce any variation from the 
iphcrical figure; and that if this action wo the 
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ſame in all the particles as in the central parts, and 
acted in the ſame direction, no ſuch change would 
enſue, Our author, therefore, to account for this 
matter, conceives firſt the attraction of the central 
parts to be diffuſed with an equal force over all the 
parts, in the ſame direction, and then conceives the 
inequalities as ariſing from a power ſuperadded, and 
directed towards the moon where there is an exceſs, 
and directed in the oppoſite line where there is a de- 
fect, in the attraction of the parts, compared with 
the attraction of the central parts: for thus the ſum 
of theſe forces, in the firſt caſe, will account for the 
attraction where it exceeds, and their difference will 
account for the attraction where it is leſs than in the 
central parts. And when the effects of theſe powers 
are conſidered as they affect the figure of the earth, 
it is manifeſt that they muſt produce ſuch an oblong 
ſpheroid as we have deſcribed ; the ſuperadded force 
drawing the parts neareſt the moon towards her, and 
therefore from the earth's centre, while it draws the 
parts fartheſt from the moon in an oppoſite direc- 
tion; and therefore ſtill draws from the centre of the 
carth allo, 


The action of the moon on the lateral parts is 
reſolved into two, one equal and parallel in its di- 
rection to her action on the central parts, and an- 
other directed from thoſe lateral parts towards the 
centre of the earth; the firſt of theſe can have no 
effect upon the figure of the earth, being conſidered 
as common to all the particles, and therefore to be 
neglected in this enquiry : it is the other that adds to 
the gravity of the lateral parts towards the centre of 
the earth, and, by adding to the weight of the lateral 
columns, it makes them ſuſtain the other columns, 
whoſe gravity is diminiſhed by the action of the 
moon, to a greater height ; and the power which 
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alters the ſpherical ſgure is to be eſtimated as the 
ſum of two powers, that winch is added to the gra- 
vity of the one, and is ſubducted from the gravity of 
the other, 


Hitherto we have abſtracted from the motion of 
the carth on its axis: but this mult alſo be conſidered 
in order to know the real effect of the moon's ac- 
tions on the ſea, Was it not for this motion, the 
longeſt diameter of the ſpheroidal figure, which the 

fluid earth would aſſume, would point at the moon's 
centre; but, becauſe of the motion of the whole 
mals of the earth on its axis from weſt to caſt, the 
moſt clevated part of the water no longer anſwers 
preciſely to the moon, but is carried beyond the 
moon towards the ealt in the direction of the rota- 
tion. 


The water continues to riſe after it has paſſed di- 
rectly under the moon, tho' the immediate action of 
the moon there begins to decreaſe, and comes not to 
its greateſt elevation till it has got half a quadrant 
further, It continues to deſcend after it has paſſed at 
go degrecs d iſtance from the point below the moon, 
tho' the force which the rnoon adds to its gravity be- 
gins to decreaſe there, For ſtill the action of the 
moon adds to its gravity, and makes it deſcend till 
it has got half a quadrant farther : the greateſt ele- 
vation, therefore, 15 not in the points which are in a 
line with the centres of the earth and moon, but 
about half a quadrant to the eaſt of theſe points in 
the direction of the motion of rotation. 


Thus it appears that the ſpheroidal form, which 
the fluid earth would affect, will be ſo ſituated that 
the longeſt diameter of that figure will point to the 
call of the moon, or that the moon will always be 
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to the weſt of the meridian of the parts of greateſt 
elevation. Suppole now an iſland in this fluid earth, 
and it will approach in every revolution to each ele- 
vated part of this ſpheroid, and the water on the 
ſhore of this iſland will neceſſarily riſe twice every 
lunar day; and the time of high water will be when 
it approaches to theſe elevated parts, that is, when 
it has paſſed to the eaſt of the moon, or when the 
moon 1s at ſome diſtance to the weſt of the me- 
ridian. 


We have hitherto taken notice of the action of 
the moon only: but it is manifeſt, that, for the ſame 
reaſons, the inequality of the ſun's action on the 
different parts of the earth would produce a like 
effect, and that theſe alone would produce a like va- 
riation from the exact ſpherical figure of a fluid 
earth. Indeed the effect of the ſun, becauſe of his 
immenſe diſtance, muſt be conſiderably leſs, tho' 
the gravity towards the ſun be vaſtly greater. For 
it is not their actions, but the inequalities in the 
actions of each, which have any effect; as we have 
often obſerved. The ſun's diſtance is fo great, that 
the diameter of the earth 1s a point compared to it, 
and the difference between the actions of the ſun on 
the neareſt and fartheſt parts becomes, on this ac- 
count, vaſtly leſs than it would be if the ſun was as 
near as the moon, whoſe diſtance from us 1s about 
30 diameters of the earth, Thus the inequality of 
the action of the earth on the parts of a drop of wa- 
ter is altogether inſenſible, becauſe the diameter of 
the drop is an inſenſible quantity compared with its 
diſtance from the centre of the earth. 


However, the immenſe bulk of the ſun makes 
the effect ſtill ſenſible at ſo vaſt a diſtance; and 
therefore, tho? the action of the moon has the great- 
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eit ſhare in producing the tides, the action of the 
ſun adds ſenſibly to it when they conſpire together, 
as in tar change and full of the moon, when the 
are nearly in the tame ne with the centre of the 
earth, and theretore unite their forces; fo that then 
tae tices are greateſt, and are what we call the ring 
tides, he action of the fun diminiſhes the effect of 
the 10061? action in the quarters, becauſe the one 
raiſes tac water in that cate where the other depreſſes 
it; and therefore the tides then are leaſt ; and theſe 
we call ine neap tides, I ho', to ſpeak accurately, 
the bring and reap tides muſt be ſome time after; 
becaule, as in other caſcs, ſo in this, the effect rs not 
grtateſt or Icaſt when the immediate influence of the 
cauſe is greateſt or leaſt. As the greateſt heat, for 
example, is not on the ſolſtitial day, when the im- 
mediate action of the ſun is greateſt, but ſome time 
alter. 


That this may be more clearly underſtood, let it 
be conſidered, that, tho' the actions of the ſun and 
300N were to ceaſe this moment, yet the tides would 
continue to have their courſe for ſome time: For the 
water where it is now higheſt would ſubſide and flow 
down on the parts that are lower, till, by the motion 
of deſcent, being there accumulated to too great a 
height, it would neceſſarily return again to its firſt 
place, tho' in a leſs meaſure, being retarded by the 
reſiſtance ariſing from the attrition of its parts. 
Thus it would for ſome time continue in an agita- 
tion like to that in which it is at preſent. The 
waves of the ſca that continue after a ſtorm ceaſes, 


and every motion almoſt of a fluid, may illuſtrate 
this. 


The high water does not always anſwer to the 
ſame ſituation of the moon, but happens ſometimes 
ſooner, 


es 
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ſooner, and ſometimes later, than if the moon alone 
acted on the fea, This proceeds from the action of 
the ſun, which brings on high water ſooner when 
the ſun alone would produce a tide earlier than the 
moon, as the ſun manifeſtly would in the firſt and 
third quarter; and retards the time of high water a 
little, when the fun alone would produce a tide later 

than the moon, as in the ſecond and laſt quarters. 

The different diſtances of the moon from the earth, 

produce likewiſe a ſenſible variation in the tides. 
When the moon approaches the earth, her action on 
every part increaſes, and the aitierences of that action, 
on which the tides depend, increaſe. For her action 
increaſes as the ſquares of the diſtances decreaſe; 
and tho' the differences of the diſtances themſelves 
be equal, yet there is a greater diſproportion betwixt 
the ſquares of leis than the ſquares of greater quan- 
tities. As for example 3 exceeds 2 as much as 2 
exceeds 1, but the ſquare of 2 is quadruple of the 
ſquare of 1, while the ſquare of 3 (v7z, 9.) is little 
more than double the ſquare of 2 (viz, 4.) Thus it 
appears, that, by the moon's approach, her action 


on the neareſt parts increaſes more qui: kly than her 


action on the remote parts, and the rides, therefore, 
increaſe in a higher proportion as the diſtances of the 
moon decreaſe, Our author ſhews that the tides in- 
creaſe in proportion as the cubes of the diſtances de- 
creaſe, ſo that the moon at half her preſent diſtance 
would produce a tide eight times greater. The 
moon deſcribes an ell pſe about the earth, and in her 


nearelt diſtance produces a tide ſenſibly greater than 


at her greateſt dittance from the earth: and hence it 
is that two great ſpring tides never {ucceed each other 
immediately; for, if the moon be at her nearelt 
diſtance from the earth at the change, ſhe muit be 
at her greateſt diſtance at the full, having, in the 
intervening time, finiſhed half a revolution; 8 

there- 
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therefore the ſpring tide then will be much leſs than 
the tide at the change was: and for the ſame reaſon, 
it a great ſpring tide happen at the time of full 
moon, the tide at the enſuing change will be leſs. 


It is manifeſt, that if either the ſun or moon was 
in the pole, they could have no effect on the tides; 
for their action would raiſe all the water at the equa- 
tor to the fame height; and any place of the earth, 
in de{cribing its parallel to the equator, would not 
mect, 11 its ; courle, with any part of the water more 
elevated than another; ſo that there could be no tide 
in any place. The effect of the ſun or moon is 
greate'! when in the equator : for then the axis of 
the ſpheroidal figure, ariſing from their action, 
moves in the greateſt circle, and the water is put 
into the greateſt agitation; and hence it is, that the 
ſpring tides produced when the ſun and moon are 
both in the equator, are the greateſt of any, and 
the neap tides are the leaſt of any, about that time. 
But the tides produced when the ſun is in either of 
the tropics, and the moon in either of her quarters, 
are greater than thoſe produced when the ſun is in 
the equator, and the moon in her quarters; becaule, 
in the firſt caſe, the moon is in the equator ; and, in 
the latter caſe, the moon is in one of the tropics : 
and the tide depends more on the action of the moon 
than that of the ſun, and is therefore greateſt when 
the moon's action 1s greateſt, However, becauſe 
the ſun is nearer the earth in winter than in ſummer, 
hence it 1s, that the greateſt ſpring tides are after 
the autumnal and before the vernal equinox, 


When the moon declines from the equator towards 
either pole, one of the greateſt elevations of the 
water follows the moon, and deſcribes nearly the 
parallel on the earth's ſurface which 1s under that 


which 
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which the moon, becauſe of the diurnal motion, 
ſeems to deſcribe : and the oppoſite greateſt eleva- 
tion, being Antipodes to that, mult deſcribe a paral- 
ſel as far on the other ſide of the equator : ſo that 
while the one moves on the north ſide of the equa- 
tor, the other moves on the ſouth ſide of it, at the 
lame diſtance, Now the greateſt elevation which 
moves on the ſame ſide of the equator, with any 
place, will come nearer to it than the oppoſite ele- 
vation, which moves 1n a parallel on the other fide 
of the equator; and therefore, it a place is on the 


ſame fide of the equator with the moon, the day 


tide, or that which is produced while the moon is 
above tne horizon of the place, will exceed the night 
tide, or that which is produced while the moon is 
under the horizon of the place. It is the contrary if 
the moon is on one ſide and the place on the other 
ſide of the equator z for then the elevation which is 
oppoſite to the moon, moves on the ſame ſide of the 
equator with the place, and therefore will come 
nearer to it than the other elevation. This diffe- 
rence will be greateſt when the ſun and moon both 
deſcribe the tropics z becauſe the two elevations in 
that caſe deſcribe the oppoſite tropics, which are the 
fartheſt from each other of any two parallel circles 
they can deſcribe. Thus it is found, by obſerva- 
tion, that the evening tides in the ſummer exceed 
the morning tides, and the morning tides in winter 
exceed the evening tides. The difference is found 
at Briſtol to amount to fifteen inches, at Plymouth to 
one foot. It would be ſtill greater, but that a fluid 
always retains an impreſſed motion for ſome time; 
ſo that the preceding tides aftect always thoſe that 
follow them “. 


The 


See Fig. 71. (from Sir 1/aac Newton) in which the ſphe- 
foid r A E repreſents the earth, r, p, the poles, à E the equa- 
cor 

Pry 
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The phænomena of particular places agree with 
theſe general obſervations, if the ſituation and extent 
of the ſeas and ſhores, in which they are ſituated, 
are con ſidered. It has been always known that the 
tides follow the motion of the moon, riſing twice in 
one revolution of the moon to the meridian of any 
place; which exceeds a ſolar day by above 4 of an 
hour, becauſe the proper motion of the moon retards 
ſo much her appulſe to the meridian of the place. 
All the effects of the ſun's action, ſometimes pro- 
moting, ſometimes abating the effects of the action 
of the moon, as before mentioned, are alſo con— 
formable to perpctual obſervation : and the tides in 
places that lie on a deep and open ocean, where the 
water can eaſily follow the influences of the ſun and 
moon, are agreeable to this theory. 


That the tides may have their full motion, the 
ocean in which they are produced ought to be ex- 
tended from eaſt to welt 9oe, or a quarter of a 
circle of the earth, at leaſt, Becauſe the places, 


tor, F any place not in the equator, r its parallel, p 4 a pa- 
rallel on the other ſide of the equator, 1, the moon's place 
three hours before, u the place of the earth to which 1, is ver- 
tical, and 5 the oppoſite place, «x, &, places go? diſtant from 
theſe. Then will cn, c., mealure the greateſt elevations of 
the water, and Cx, C #, the leaſt. cr, c, cp, cd, will be 
the elevations at F, /, p, d. And if wm is a circle of the ſphee 
roid, meeting the equator and theſe parallels in s, , r, cx 
will be the elevation of the water at s, &, r, or any other 
places in the circle nm. The higheſt tides at any place x, 
happen at r and /, three hours after the moon's paſſing the me- 
ridian, above or below the horizon; and the loweſt at Q three 
hours after her ſetting or riſing. And if v and V are on the 
ſame fide of the equator, the day tide will riſe higher than the 
night tide, C F being greater than cf. Tis the contrary, when 
the moon's declinatiog and the latitude of a place o are of op- 
polite denominations, the one north and the other ſouth ; becauſe 
then ov is greater thang . 4, 

bY. 92 . W ne where 


7 een 


fronting P49. 389 | | | TAB. VT. 


E 
{ 
e 
* 
. 
9 
8 


2 
F 


IJ 
n 

\s 
| 


PATENT OFFIOE LIBRARY 


— — 2 — — ww ww 2 fro katy 


— — &t 4&4 


Chap. 6. PRILOSOHICAL Discovertts, 381 


where the moon raiſes moſt, and moſt depreſſes, the 
water, are at that diſtance from each other. Hence 
it appears, that it is only in the great oceans that 
ſuch tides can be produced; and why in the larger 
pacific ocean they exceed thoſe in the Atlantic ocean. 
Hence alſo, it is obvious why the tides are not ſo 
great in the torrid zone, between Africa and Ame- 
rica, where the ocean is narrower, as in the tempe- 
rate zones on either ſide; and, from this alſo, we 
may underſtand why the tides are ſo ſmall in iſlands 
that are very far diſtant from the ſhores. It is ma- 
nifeſt, that, in the Atlantic ocean, the water cannot 
riſe on one ſhore but by deſcending on the other; ſo 
that, at the intermediate diſtant iſlands, it muſt con- 
tinue at about a mean height betwixt its clevation on 
the one and on the other ſhore, 


As the tides paſs over ſhoals, and run through 
{traits into bays of the ſea, their motion becomes 
more various, and their height depends on a great 
many circumſtances. The tide that is produced on 
the weſtern coaſts of Europe, in the Atlantic, cor- 

reſponds to the ſituation of the moon we deſcribed 
above. Thus it is high water on the coaſts of Spin, 
Portugal, and the welt of Ireland, about the third 
hour after the moon has paſſed the meridian. From 
thence it flows into the adjacent channels, as it finds 
the eaſieſt paſſage. One current from it, for ex- 
ample, runs up by the ſouth of England, another 
comes in by the north of Scotland: they take a con- 
{iderable time to move all this way, and it is high 
water ſooner in the places to which they firſt come; 
and it begins to fall at thoſe places, while they are 
yet going on to others that are farther in their courſe, 
As they return, they are not able to raiſe the tide, 
becauſe the water runs faſter off than it returns, till, 
by a new tide propagated from the open ocean, the 
2 return 
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return of the current 1s ſtop'd, and the water be- 
gins to riſe again. The tide takes twelve hours to 
come from the ocean to London-bridge, ſo that, when 
it is high water there, a new tide is already come to 
its height in the ocean; and, in ſome intermediate 
place, it mult be low water at the ſame time. In 
channels, therefore, and narrow ſeas, the progreſs of 
the tides may be, in ſome reſpects, compared to the 
motion of the waves of the fea, Our author alſo 
obſerves, that when the tide runs over ſhoals, and 
lows upon flat ſhores, the water is raiſed to a greater 
height than in the open and deep oceans that have 
ſteep banks; becaule the force oi its motion cannot 
be broke, upon theſe level ſhores, till the water riſes 
to a greater height. 


If a place communicates with two oceans, (or 
two different ways with the ſame ocean, one of which 
is a readier and eaſier paſſage) two tides may arrive 
ar that place in difterent times, which, interfering 
with each other, may produce a great variety of 
phænomena. An extraordinary inſtance of this kind 
is mentioned by our author at Batſha, a port in the 
kingdom of T; unquin in the Eaſt Indies, of northern 
latitude 20*? 5o. The day in which the moon 
paſſes the equator, the water ſtagnates there without 
any motion: as the moon removes from the equator, 
the water begins to riſe and fall once a day; and it 
is high water at the ſetting of the moon, and low 
water at her riſing, This daily tide increaſes for 
about feven or eight days, and then decreaſes for as 
many days by the fame degrees, till this motion 
ceaſes when the moon has returned to the equator. 
When ſhe has paſſed the equator, and declines 
towards the ſouth pole, the water riſes and falls 
again, as before; but 'tis high water now at the 
rifine, and low water at the ſetting, of the moon. 


Our 
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Our author, to account for this extraordinary tide, 
conſiders that there are two inlets to this port of 
Batſha, one from the Chineſe ocean berwixt the con- 
tinent and the Manillas, the other from the Indian 
ocean betwixt the continent and Borneo. This leads 
him to propoſe, as a ſolution of the phænomenon, 
that a tide may arrive at Baiſha, through one of theſe 
inlets, at the third hour of the moon, and another 
through the other inlet ſix hours after, at the ninth 
hour of the moon. For, while theſe tides are equal, 
the one flowing in as the other ebbs out, the water 
muſt ſtagnate : now they are equal when the moon 
is in the equator ; but as ſoon as the moon begins to 
decline on the ſame ſide of the equator with Baz/ha, 
we have ſhewed that the diurnal tide muſt exceed 
the nocturnal, ſo that two greater and two leſſer 
tides mult arrive at Baiſha by turns. The difference 
of theſe will produce an agitation of the water, 
which will riſe to its greateſt height at the mean time 
betwixt the two greateſt tides, and fall loweſt at a 
mean time betwixt the two leaſt tides; fo that it 
will be high water about the ſixth hour at the ſetting, 
of the moon, and low water at her riſing, When 
the moon has got to the other ſide of the equator, 
the nocturnal tide will exceed the diurnal ; and there- 
fore, the high water will be at the riſing, and low 
water at the ſetting, of the moon. Tie lame pria- 
ciples will ſerve to account for other extraordinary 
tides, which, we are told, are obſerved in places 
whole ſituation expoſes them to ſuch irregularities. 


Our author does not content him{.]f with theſe 
general obſcrvations, but calculates the eſſects of the 
ſun and moon upon the tides, from their attractive 
powers. The augmentation of the gravity of the 


lateral parts of the earth, produced by the action 
of 
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of the ſun, is a ſimilar effect to an augmentation, 
eſtimated by him before, that 1s made to the gravity 
of the moon towards the earth by the ſame action, 
when the moon is in the quarters; only the addition 
made to the gravity of the lateral parts is * about 
60 times leſs, becauſe their diſtance from the earth's 
centre is ſo many times leſs than the diſtance of the 
moon from it. The gravity of thoſe parts of the 
earth that are directly beneath the ſun, and of thoſe 
oppoſite to it, is diminiſhed by a double quantity of 
what is added to the lateral parts; and as the dimi- 
nution of gravity of the one, and avgmentation of 
the gravity of the other, conſpire together in raiſing 
the water under the ſun, and the parts oppoſite to it, 
above its height in the lateral parts; the whole force 
that produces this effect is to be conſidered as triple 
of what is added to the gravity of the lateral parts: 
and is thence found to be to the gravity of the par- 
ticles as 1 to 12868200, and to the centrifugal force 
at the equator as 1 to 44527. The elevation of the 
waters, by this force, is conſidered by our author as 
an effect ſimilar to the elevation of the equatorial 
parts above the polar parts of the earth, ariſing from 
the centrifugal force at the equator; and, being 
44527 times leſs, is found to be 1 foot and 114 
inches, Paris meaſure. This is the elevation ariſing 
from the action of the ſun upon the water. 


In order to find the force of the moon upon the 
water, he compares the ſpring tides at the mouth of 
the river Avon below Briſtol (which are the effect of 
the ſum of the forces of the fun and moon when 
their actions almoſt conſpire together, ) with the neap 
tides there (which are the effect of the difference of 
theſe forces when they act almoſt againſt one ano- 
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ther,) and finds their proportion to be that of 9 to 
5; from which, after ſeveral neceſſary corrections, 
he conciudes that the force of the moon is to the 
force of the ſun, in raiſing the waters of the ocean, 
as 4,4815 to 1; fo that the force of the moon is 
able, of itſelf, to produce an elevation of 8 feet and 
7 inches, and che ſun and moon together may 
produce an elevation of about 10+ ſeer, in their 
mean diſtances from the earth, and an elevation of 
about 12 feet when the moon is neareſt the earth. 
The height to which the water is found to riſe, Upon 
the coaſts of the open and deep occan, is agreeable 
enough to this computation, 


It is from this laſt calculation that he is able to 
make. an eſtimate of the denſity and quantity of 
matter in the moon. Her influence on the tides is 
the only effect of the moon's attracting power which 
we have acceſs to meaſure, and it enables us to 


eſtimate her denſity compared with that of the ſun, 


which we find it exceeds in the proportion of 489 1 
to 1000 ; and ſince the denſity of the earth is to 
that of the ſun as 4000 to 1000, it follows that the 
moon muſt be more denſe than the earth in the pro- 
portion of 4891 to 4000, or of 11 to 9 nearly. 
The proportion of the diameter of the earth to that 
of the moon is known, from aſtronomical obferva- 
tions, to be that of 265 to 100; and from theie two 
proportions it eaſily follows, that the quantity of 
matter in the moon is to the matter in the earth as 
1 to 39,788; and the centre of gravity of the earth 
and moon mult be, therefore, almoſt 40 times 


nearer to the carth than to the moon; and, the ſitua- 


tion of their centre of gravity being known, the 
motions in their ſyſtem may be determined with 
great preciſeneſs. 
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Our author enquires into the figure of the moon: 
and, becauſz the earth contains near 40 times more 
matter than the moon, the elevation produced by 
the action of the earth in the parts of the moon that 
are neareſt to it, and in the parts oppoſite to theſe, 
would be near 40 times greater than that which the 
moon produces in our ſeas, if this elevation was not 
to be diminiſhed in proportion as the ſemidiameter 
of the moon is leſs than the ſemidiameter of the 
earth, that is, in the proportion of 100 to 365. By 
compounding theſe proportions he finds, that the 
diameter of the moon that paſſes through the centre 
of the earth, muſt exceed thoſe that are perpendi- 
cular to it, by about 186 feet. He thinks the ſolid 
parts of the moon mult have been formed into ſuch 
a ſpheroidal figure, having its longeſt diameter di- 
rected towards the earth ; and this may be the reaſon 
why the moon always turns the ſame ſide towards 
the earth. If there were great ſeas in the moon, 
and if ſhe revolved on her axis ſo as to turn diffe- 
rent ſides towards the earth, there would have been 
very great tides produced in them, ſuch as would 
exceed our tides ten times; but, by her keeping one 
ſide always towards the earth, there are no tides 
produced in her ſeas, but what proceed from the dit- 
ferences of their diſtances from the earth, and from 
the moon's librations; for the action of the ſun can 
have very little effect upon them. 


HA 
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HAF. VII. 
Of the comets, 


6 Itherto we have treated of the planets: but, 

beſides theſe, we find in the expanſe of 
heaven many other bodies belonging to the ſyſtem 
of the ſun, that ſcem to have much more irregular 
motions. Theſe are the comets, which, deſcending 
from the far diſtant parts of the ſyſtem with great 
rapidity, ſurprize us with the ſingular appcarance of 
a train, or tail, which accompanies them; become 
viſible to us in the lower parts of their orbits, and, 
after a ſhort ſtay, are carried off again to vaſt diſ- 
tances, and diſappear. Tho' ſome of the ancients 
had more juſt notions of them, yet the opinion 
having prevailed, that they were only meteors gene- 
rated in the air, like to thoſe we ſce in it every night, 
and in a few moments vaniſhing, no care was taken 
to obſerve or record their phænomena accurately, 
till of late. Hence this part of aſtronomy is very 
imperfect. The number of the comets is far from 
being known: many have been noted by hiſtorians 
formerly, and not a few of late obſcrved by aſtro- 
nomers ; and ſome have been diſcovered accidental- 
ly by teleſcopes, paſſing by us, that never became 
viſible to the naked eye: ſo that we may conclude 
their number to be very great. Their periods, mag- 
nitudes, and the dimenſions of their orbits, are alſo 
uncertain, This is a part of ſcience, the pertection 
of which may be reſerved for ſome diſtant age, when 
theſe numerous bodies, and their vaſt orbits, by long 
and accurate obſervation, may be added ro the 
known parts of the ſolar ſyſtem. Aſtronomy will 


appear as a new ſcience, alter all the diſcoveries we 
Ces now 
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now boaſt of: but then it will be remembred, even 
in thoſe flouriſhing days of aſtronomy, that it was 
Sir Iſaac Newton who diſcovered and demonſtrated 
the principles by which alone ſuch great improve- 
ments could be made; and that he begun and car. 
ricd this work lo far, that he left to poſterity little 
more to do, but to obſerve the heavens, and com- 
pute after his models. 


Having, this part of aſtronomy to deduce almoſt 
from its clements, he begins with ſhewing, againſt 
the ſcholaſtic philoſophers, that the comets are above 
the moon ; becauſe they participate of the apparent 
diurnal motion, riſing and ſetting daily, as all things 
that are not appendant to the earth do, and that 
without any ſenſible diurnal parallax. Bur, as they 
are all affected by the annual motion of the earth, 
appearing, like the planets, ſometimes direct, ſome- 
times retrograde, he concludes that, when they be- 
come viſible to us, they muſt be in the regions of 
the planets. As they are all affected by the motion 
ol the earth, and it is impoſſible to bring their mo- 
tions to any regularity without allowing that mo— 
tion; and it, alone, ſuffices for explaining the irre- 
oularities of every comet, as well as of every pla- 
net; we obtain from this a new confirmation of the 
motion of the earth, and find all the parts of this 
philoſophy perfectly conſiſtent, 


Our author having ſhewed that the comets de- 
ſcend into the planetary regions when they are vili- 
ble to us, againſt the opinion of Des Cartes, he pro- 
ceeds to trace them in their courſes. It follows, 
from the general law of gravity already eſtabliſhed, 
that they muſt move either in parabolic, or very ex- 
centric elliptical, orbits, that have one focus in the 


centre of the ſun, He then enquires, with his uſual 
{kill 
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ſkill and a great deal of labour, how a motion in a 
parabola may agree with the obſervations that have 
been made upon the comets; and, for this end, 
ſhews how, from three obſervations, the parabolic 
trajectory which a comet deſcribes may be deter- 
mined : and, from ſeveral examples which he has 
given, there appears ſo perſect a harmony between 
his theory and the obſervations, as adds a new evi- 
dence to it, and ſhews its ule in carrying on the 
knowledge of our ſyſtem. 


He inſiſts particularly on the celebrated comet 
that appeared near the end of the year 1680, and in 
the beginning of 1681. He determines its trajec- 
tory, or curve, from three obſervations made by 
Mr. Flamſteed; and then compares all the obſerva— 
tions, that were made by himlelf or others, with 
the motion of a body in that curve, and finds the 
differences betwixt the obſerved places of this comet 
and thoſe computed for it in the curve, for the ſame 
time, to be very {mall, It was the lame comet that 
was ſeen in Nevember 1680, and in December, Janua- 
ry, February and Merch following, tho* they had 
been generally eſteemed two different comets. In 
November it was deſcending towards the ſun; it 
paſſed very near the ſun on the 12th day of Decem- 
her; where, having been heated to a prodigious de- 
gree, tho' the light of the head or nucleus was duller, 
vet, while it aſcended in the other half of its orbit, 
its tail was vaſtly greater than before, extending 
ſometimes 70 in length, and continuing viſible even 
alter the head or nucleus was carried out of ſight. 


Dr. Halley, to whom every part of aſtronomy, 
but this in a particular manner, is highly indebted, 
has joined his labours to our author's on this ſubject; 
nor is it neceſſary for us to ſeparate them. Finding 
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three obſervations of comets recorded in hiſtory, 
agrecing with this in remarkable circumſtances, and 
returning at the diſtance of 575 years from each 
other, he ſuſpected that theſe might be one and the 
ſame comet, revolving in that period about the ſun, 
He therefore ſuppoſed the parabola to be changed 
into ſuch an excentric ellipſe as the comet might de- 
ſcribe in 875 years, and as ſhould nearly coincide 
with the parabola in its loweſt part; and, havin 

computed the places of the comet in this elliptic or- 
bit, he found them to agree ſo well with thoſe in 
which the comet was obſerved to paſs, that the varia- 
tions did not excced the differences which are found 
betwixt the computed and the obſerved places of the 
planets, whoſe motions had been the ſubject of aſtro- 
nomical calculation for ſome thouſand years. This 
comet may, therefore, be expected again after finiſh- 
ing the ſame period, about the year 2255. If it 
then return, it will give a new luſtre and evidence 
to Sir Iſaac Newton's philoſophy, in that diſtant age. 
And ſhould the inconſtancy of human affairs, and 
the perpetual revolutions to which they are ſubject, 
occaſion any neglect of our philoſophy in the inter- 
vening ages; this comet will revive it, and fill every 
mouth again with this great man's name. Nor need 
this be eſteemed a vain prediction; for we cannot 
but ſuppoſe that the attention of the aſtronomers of 


thoſe days, to this comet muſt be raiſcd to a great 


pitch, becauſe in one part of its orbit it approaches 
very ncar to the orbit of our earth; ſo that, in ſome 
revolutions, it may approach near enough to have 
very conſiderable, if not fatal, effects upon it. Nor 
is it to be doubted but that, while ſo many comets 
paſs among the orbits of the planets, and carry ſuch 
unmenſe tails along with them, we ſhould have been 
called, by very extraordinary conſequences, to attend 
to theſe bodies long ago, if the motions in the uni- 


verſe 


Chap. 8. PuiLosorHICAL Discovertes. 391 


verſe had not been at firſt deſigned, and produced 
by a Being of ſufficient ſkill to foreſee their moſt 
diſtant conſequences. Our earth was out of the way 
when this comet laſt paſſed near her orbit; but it 
requires a perfect knowledge of the motion of the 
comet, to be able to judge if it will always paſs by 
us with fo little effect. We may here obſerve, that 
theſe great periods, and diſtant depending obſerva- 
tions, promiſe this good effect, that they muſt con- 
tribute to preſerve the reliſh for learning from the 
revolutions it has been formerly ſubject to. By 
them, diſtant ages are connected together, and per- 
petual matter for reviving the curioſity of men is 
provided, from time to time. 


But we are not to wait for the return of this diſ- 
tant comet to have our author's theory verified, and 
to ſee predictions of this kind begin to take place, 
By comparing together the orbits of the comets that 
appeared in 1607 and 1682, they are found ſo co- 
incident, that we cannot but ſuppoſe them to be one 
and the ſame comet, revolving in 75 years about 
the ſun, If this comet, according to this period, 
return in 1758, aſtronomy will then have ſomething 
new to boaſt of. Ir ſeems to be of thoſe that riſe to 
the leaſt height from the ſun, its greateſt diſtance 
being only 35 times greater than the diſtance of the 
earth from the ſun ; ſo that, at the fartheſt, it does 
not run out four times farther from us than Saturn, 
It will probably be the firſt that will be added to the 
number of the revolving planets, and eſtabliſh this 
part of our author's theory. 


Beſides theſe comets we have mentioned, our au- 
thor has conſidered the motions of ſeveral others, 
and finds his theory always conſonant with cblerva- 
tion. He particularly computes the places of a re- 
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markable comet that appeared in 1664 and 166g. 
It moved over 20“ in one day, and de ſcribed almoſt 
ſix ſigns in the heavens before it diſappeared; its 
courie deviated from a great circle, towards the 
north, and its motion, that had been before retro- 
grade, became direct towards the end: and, not- 
withſtanding ſo unuſual a courſe, its places, com- 
puted from our author's theory, agree with the ob- 


terved places, as well as thoſe of the planets agree 
With their theory, 


The phænomena of all the comets, but eſpecially 
of the comet of 1680, ſhew them to be ſolid, fixed 
and durable bodies. This comet was, in its peri- 
helium, 166 times nearer to the ſun than our earth 
is: and, from this, our author computes that it 
muſt have conccived a heat 2000 times greater than 
that of iron almoſt going into fuſion, and that, if 
it was equal to our earth, and cooled in the ſame 
manner as terreſtrial bodies, it would take 50,000 
years to cool: to bear ſo prodigious a heat, it muſt 
ſurely be a very ſolid and fixed body, 


There is a phænomenon that attends each comet, 
and is peculiar to them, called its ail: ſome have 
imputed this appearance to the retraction of the ſun- 
beams, paſſing through the nucleus or head, which 
they ſuppoſed to be tranſparent : others, to the re- 
fraction of the beams rellected from the head, as 
they paſs through the intermediate ſpaces to us. Our 
author refutes both theſe opinions, and ſhews that 
the tail conſiſts cf a vapour ariſing continually from 
the body of the comet, towards thoſe parts that are 
oppoſite to the ſun, for a like reafon chat vapour or 
imoke riſes in the atmoſphere of the carch. Becauſe 
of the motion of the body of the comer, the tail 1s 
bent a little towards thoſe parts which the comet 
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leaves in its motion, Theſe tails are found greateſt 
after it has paſſed its perihelium, or leaſt diſtance 
from the fun, where its heat is greateſt, and the at- 


moſphere of the ſun is moſt denſe. The head ap- 


pears, after this, obſcured by the thick vapour that 
riſes plentifully from it. The tail of the comet of 
1680 was of a prodigious ſizg: it was extended from 
the head to a diſtance ſcarcely inferior to the vaſt 
diſtance of the ſun from the earth. As the matter 
of the tail participates of the motion of the comet, 


it is thereby carried along with the comet in its mo- 


tion, and ſome part of it returns again with it: and 
as the matter in the tail riſes, it becomes more and 
more rarified; as appears from the tail's increaſing 
in breadth upwards. By this rarefaction a great part 
of the tail muſt be dilated and diffuſed over the 
ſyſtem; ſome of this, by its gravity, may fall 
towards the planets, mix with their atmoſpheres, 
and ſupply the fluids, which, in natural operations, 
are conſumed ; and may, perhaps, ſupply that ſubtile 
ſpirit in our air, which is neceſſary for the life of ani- 
mals, and for other natural operations, 


We are not to expect that the morions of the 
comets can be ſo exact, and the periods of their re- 
volutions ſo equal, as thoſe of the planets ; conſi- 
dering their great number, and their great diſtance 
from the ſun in their aphclia, where their actions 
upon each other muſt have ſome effect to diſturb 
their motions. The reſiſtance which they meet with 
in the atmoſphere of the ſun, when they deſcend into 
the lower parts of their orbits, will allo affect them. 
By the retardation of their motion in theſe lower 
parts, their gravity will be enabled to bring them 
nearer the ſun in every revolution, till ar length they 
{all into him, and ſupply fewel to that immenſe body 
of fire, The comet of 1680 paſſed at a diſtance 
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from the ſurface of the ſun, no greater than the 6th 
part of his diameter; it will approach ſtill nearer in 
the next revolution, and fall into his body at length, 

The fixed ſtars may receive ſupplies, in the ſame 
manner, by comets falling into them; and ſome of 
them, whoſe light and heat are almoſt exhauſted, 
may receive new fewel in this way. Of this kind 
thoſe ſtars ſeem to be, which have been obſerved to 
break out at once with great ſplendor, and to vaniſh 
gradually afterwards. Such was the ſtar in Caſſiopeia, 
that was not viſible on the 8th of November 1572, 


but ſhone the following night with a biicktnes al- 


moſt equal to that of the planet Venus, and decreaſed 
continually afterwards, till in 16 months time it 
vaniſhed, Another of the ſame kind appeared to 
Kepler's ſcholars in the right foot of Serpentarius, on 
the goth of September 1604, brighter than Jupiter, 
tho? it was not viſible the preceding night; which 
alſo decreaſed gradually, and vaniſhed in fifteen or 
ſixteen months. By ſuch a new ſtar appearing with 
an extraordinary brightneſs in the heavens, Hip- 
parchus is ſaid to have been induced to make his 
catalogue of the fixed ſtars. But thoſe ſtars which 
appear and diſappear, gradually increaſing and de- 
creaſing: by turns, ſeem to be of a different kind; 
and to have a luminous and an obſcure ſide, which, 
by their rotation on their axis, they turn towards us 
alternately. 


The argument againſt the eternity of the univerſe, 
drawn from the decay of the ſun, ſtill ſubſiſts; and 
even acquires a new force from this theory of the 
comets : ſince the ſupply which they afford muſt 
have been long ago exhauſted, if the world had 
exiſted from eternity. The matter in the comets 
themſelves, that ſupplies the vapour which riſes from 
them in every revolution to the perihelium, and 

forms 
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forms their tails, muſt alſo have been exhauſted long 
ere now. In general, all quantities that muſt be 
ſuppoſed to decreaſe or increaſe continually, are re- 
pugnant to the eternity of the world; ſince the firſt 
had been exhauſted, and the laſt had grown into an 
infinite magnitude, at this time, if the world had 
been from eternity: and of both kinds there ſeem to 
be ſeveral ſorts of quantities in the univerſe, 


The deſcent of the comets into the planetary re- 
gions ſhews that the ſolid orbs, in which the planets 
were ſuppoſed, by the ſchoolmen, to move, are 
imaginary. And the regularity of their motions, 
while they are carried in very excentric orbs, in all 
directions, into all parts of the heavens, conſpire 
with many other arguments to overthrow the Carie- 
fian vortices, 


Sir Iſaac Newton further obſerves, that while the 
comets move in all parts of the heavens, with diffe- 
rent directions, and in very excentric orbits, whoſe 
planes are inclined to one another in large angles; 
it cannot be attributed to blind fate that the planets 
move round the ſun, and the ſatellites round their 
reſpective primaries, al] with one direction, in orbits 
nearly circular, and almoſt in the ſame plane. The 
comets, by moving in very excentric orbits, deſcend 
with a vaſt velocity, and are carried quickly thro? the 
planetary regions, where they approach the neareſt 
to each other, and to the planets, ſo as to have as 
little time as poſſible to diſturb their own motions, 
or thoſe of the planets. By their moving in very 
different planes, they are carried to a vaſt diſtance 
from each other in the higheſt parts of their orbits, 
or aphelia; where, becauſe of the ſlowneſs of their 
motions, and the weakneſs of the ſun's action at fo 
great diſtances, their mutual actions, but for this 
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precaution, would produce the greateſt diſorders. 
Thus we always find, that what has, at firſt ſight, 
the appearance of irregularity and confuſion in na- 
ture, is diſcovered, on further enquiry, to be the 
beſt contrivance and the moſt wiſe conduct. 


Sir Iſaac Newton proceeds to make ſome reflec- 
tions on the nature of the ſupreme cauſe, and infers, 
from the ſtructure of the viſible world, that it is go- 
verned by One Almighty, and All-wiſe Being, who 
rules the world, not as its Soul but as its Lord, exer- 
ciſing an abſolute ſovereignty over the univerſe, not 
as over his cwn body but as over his work; and act- 
ing in it according to his pleaſure, without ſuffering 
any thing from it. What he has delivered concern- 
ing the Deity will be further explained in the next 
chapter. AN ere SEN 


I, Af ISTOTLE concludes his treatiſe de mundo, 
with obſerving, that * to treat of the world 
without ſaying any thing of its Author would be im- 
pious;“ as there is nothing we meet with more fre- 
quently and conſtantly in nature, than the traces of 
an All-governing Deity, And the philoſopher who 
overlooks theſe, contenting himſelf with the appear- 
ances of the material univerſe only, and the mecha- 
nical laws of motion, neglects what is moſt excel- 
lent; and prefers what is imperfect to what is ſu- 
premely perfect, finitude to infinity, what is narrow 
and weak to what is unlimited and almighty, and 
what is periſhing to what endures for ever. Such 
who 
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who attend not to ſo manifeſt indications of ſupreme 
wiſdom and goodneſs, perpetually appearing before 
them wherever they turn their views or enquiries, 
too much reſemble thoſe antient philoſophers who 
made night, matter, and chaos, the original of all 
things. 


2. As we have neither ideas nor words ſufficient 
to deſcribe the firſt cauſe, ſo Ariftotle, in the con- 
cluſion of the above mentioned treatiſe, is obliged to 
content himſelf with comparing him with what is 
chief and molt excellent, in every kind *. Thus 
we ſay he is the king or lord of all things, the pa- 
rent of all his creatures, the ſoul of the world, or 
great ſpirit that animates the whole. Such expreſ- 
ſions, tho* well meant at firſt, were ſometimes 
abuſed afterwards; particularly, that of his being 
the anima mundi, which was apt to repreſent him not 
only as the active and ſelf- moving principle, but 
likewiſe as paſſive and ſuffering from the actions and 
motions of bodies. The abſtruſe nature of the ſub- 
ject gave occaſion to the later Platoni/ts, particularly 
to Plotinus, to introduce the moſt myſtical and un- 
intelligible notions concerning the Deity and the 
worſhip we owe to him; as when he tells us that 
intellect or underſtanding is not to be aſcribed to the 
Deity, and that our moſt perfect worſhip of him 
conſiſts, not in acts of veneration, reverence, grati- 
tude or love; but in a certain myſterious ſelf- anni- 
hilation, or total extinction of all our faculties. 
Theſe doctrines, however abſurd, have had follow- 
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ers, who, in this as in other caſes, by aiming too 
high, far beyond their reach, overſtrain their facul- 
ties, and fall into folly or madneſs; contributing, 
as much as lies in them, to bring true piety and de- 
votion into contempt. 


3. Neither are they to be commended, who, un- 
der the pretence of magnifying the eſſential power 
of the ſupreme cauſe, make truth and falſhood en- 
tirely to depend on his will; as we obſerved of Des 
Cartes, Book I. Chap. 4. Such tenets have a direct 
tendency to introduce the abſurd opinion, that in- 
tellectual faculties may be ſo made, as clearly and 
diſtinctly to perceive that to be true, which is really 
falſe. They judge much better, who, without 
ſcruple, meaſure the divine omnipotence itſelf, and 
the poſſibility of things, by their own clear ideas 
concerning them; affirming that God himſelf can- 
not make contradictions to be true at the ſame time; 
and repreſent the certain part of our knowledge, in 
ſome degree, as the knowledge and wiſdom of the 


Deity imparted to us, in the views of nature which 
he has laid before us. 


4. The ſublimity of the ſubject is apt to exalt and 
tranſport the minds of men, beyond what their fa- 
culties can always bear: therefore, to ſupport them, 
allegorical and enigmatical repreſentations have been 
invented, which in proceſs of time have produced 
the greateſt abuſes. When metaphorical figures and 
names came to be conſidered as realities, in place of 
the true God, falſe deities were ſubſtituted without 
number, and, under the pretence of devotion, a 
worſhip was paid to the moſt deteſtable characters, 
that tended to extinguiſh the notions of true worth 
and virtue amongſt men. | 


5. 
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. As there are no enquiries of a more arduous 
nature than thoſe that relate to the Deity, or of near 
ſo great importance to intellectual beings, that diſ- 
cern betwixt truth and falſhood, betwixt right and 
wrong; ſo it is manifeſt, that there are none in 
which the utmoſt caution and ſoberneſs of thought 
1s more requiſite, Hence it is a very unpleaſant 
proſpect to obſerve with how great freedom, or ra 
ther licentiouſneſs, philoſophers have advanced their 
raſh and crude notions concerning his nature and eſ- 
ſence, his liberty and other attributes. What free- 
doms were taken by Des Cartes in deſcribing the 
formation of the univerſe without his interpoſition, 
and in pretending to deduce from his attributes con- 
ſequences that are now known to be falſe, we ex- 
plained in the firſt book, almoſt in his own words, 
A manner of proceeding ſo unjuſtifiable, in ſo ſerious 

and important a ſubject, ought, one would think, 

to have diſguſted the Gber and wiſe part of mankind. 
Spinoza, while he carried the doctrine of abſolute 
neceſſity to the moſt monſtrous height, and ſur- 
paſſed all others in the weakneſs of his proofs as well 
as the impiety of his doctrines, yet affects to ſpeak, 
on ſeveral occaſions, in the higheſt terms of venera- 
tion for the Deity, Mr. Leibnitz and many of his 
diſciples have hkewiſe maintained the ſame doctrine 
of abſolute neceſſity, extending it to the Deity him- 
telf, of whom our ideas are ſo inadequate, and 
whom it ſo much concerns us not to miſrepreſent, 
But Sir Iſaac Newton was eminently diſtinguiſhed 
for his caution and circumſpection, in ſpeaking or 
treating of this ſubject, in diſcourſe as well as in his 
writings z tho” he has nor eſcaped the reproaches of 
his adverſaries even in this reſpect, As the Deity is 
the ſupreme and firſt cauſe, from whom all other 
cauſes derive their whole force and energy, fo he 
thought 
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thought it moſt unaccountable to exclude Him on}, 
out of the univerſe. It appeared to him much more 
juſt and reaſonable, to ſuppoſe that the whole chain 
of cauſes, or the ſeveral ſeries of them, ſhould cen. 
tre in him as their ſource and fountain | : And the 
whole ſyſtem appear depending upon him the only 
independent cauſe. 


6. The plain argument for the exiſtence of the 
Deity, obvious to all and carrying irreſiſtible con- 
viction with it, is from the evident contrivance and 
fitneſs of things for one another, which we meet 
with throughout all parts of the univerſe. There 1: 
no need of nice or ſubtle reaſonings in this matter : 
a waniteſt contrivance immediately ſuggeſts a con- 
triver. It ſtrikes us like a ſenſation; and artful 
reaſonings againſt it may puzzle us, but it is with- 
out ſhaking our belief. No perſon, for example, 
that knows the principles of optics and the ſtructure 
of the eye, can believe that it was formed without: 
{kill in that ſcience ; or that the ear was formed with- 
out the knowledge of ſounds; or that the male and 
female in animals were not formed for each other, 
and for continuing the ſpecies. All our accounts of 
nature are full of inſtances of this kmd. The ad- 
mirable and beautiful ſtructure of things for final 
cauſes, exalt our idea of the Contriver : the unity of 
deſign ſhews him to be One. The great motions in 
the ſyſtem, performed with the ſame facility as the 
leaſt, ſuggeſt his Almighty Power, which gave mo- 
tion to the earth and the celeſtial bodies, with == 
eaſe as to the minuteſt particles. The ſubtility ct 
the motions and actions in the internal parts of bo- 
dies, ſhews that his influence penetrates the inmoſt 
receſſes of things, and that He is equally ave and 
preſent every where. The ſimplicity of the laws 
that prevail in the world, the excellent diſpoſition 


Os 


Chap. 9. PriLosoPHICAL Discovertts, 401 


of things, in order to obtain the beſt ends, and the 
beauty which adorns the works of nature, far ſupe- 
rior to any thing in art, ſuggeſt his confummate 
Wiſdom. The ulſctulneſs of the whole ſclume, fo 
well contrived for the intelligent beings that o 
it, wich the internal diſpoſition and moral ſtructure 
of thoſe beings themſelves, ſhew his unbounded 
Goodneſs, Theſe are the arguments which are ſuffi- 
ciently open to the views and capacities ©! the un- 
learned, while at the ſame time they acquire new 
ſtrength and luſtre from the diſcoveries of tae learned, 
The Deity's acting and interpoling in the univerle, 
ſhew that he governs it as well as formed it, and the 
depth of his counſels, even in conducting the mate— 
rial univerſe, of which a great part ſurpaſſas our 
knowledge, ktep up an inward veneration and awe 
of this great Being, and diſpoſe us to receive what 
may be otherwiſe revealed to us concerning him. It 
has been juſtly obſerved, that ſome of the laws of 
nature, now known to us, mult have eſcaped us if 
we had wanted the ſenſe of ſeeing. It may be in his 
power to be!tow upon us other ſenſes of which we 
have at preſent no idea; without which it may be 
impoſſible for us to know all his works, or to have 
more adequate ideas of himſelf, In our preſent ſtate, 
we know enough to be ſatisfied of out depeiidency 
upon him, and of the duty we owe to him the lord 
and dilpoſer of all things. He is not the object of 
ſenſe ; his eſſence, and indeed that of all other ſub- 
itances, is beyond the reach of all our diſcoveries ; 
but his attributes clearly appear in his admirable 
works. We knov that the high-it conceptions we 
are able to form of them are ſtil] beneath his real per- 
fections; but his power and dominion over us, and 
our duty towards him, are manifeſt. 


7. Sir Iſaac Nzwton is particularly careſul, always 
to repreſent him as a free agent; being juſtly apjre- 
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henſive of the dangerous conſequences of that doc- 
trine which introduces a fatal or abſolute neceſſity 
preſiding over all things. He made the world, not 
from any neceſſity determining him, but when he 
thought fit: matter is not infinite or neceſſary, but 
he created as much of it as he thought proper: he 
placed the ſyſtems of the fixed ſtars at various diſ- 
tances from each other, at his pleaſure: in the ſolar 
ſyſtem, he formed the planets of ſuch a number, 
and diſpoſed them at various diſtances from the ſun, 
as he pleaſed : he has made them all move from weſt 
to caſt, tho' it is evident from the motions of the 
comets, that he might have made them move from 
ealt to welt, In theſe and other inſtances, we plain- 
ly perceive the veſtiges of a wiſe agent, but acting 
treely and with perfect liberty. 


As caution was a diſtinguiſhing part of Sir Iſaac 
Newton's character, but no way derogatory from his 
penetration and the acuteneſs and ſublimity of his 
genius ; ſo we have particular reaſon on this occaſion 
to applaud it, and to own that his 12 has 
proved always ſubſervient to the moſt valuable pur- 
poles, without ever tending to hurt them. 


8. As in treating of this unfathomable ſubje& we 
are at a loſs for ideas and words, in any tolerable de- 
gree, adequate to it, and, in order to convey our 
notions with any ſtrength, are obliged to have re- 
courſe to figurative expreſſions, as was obſerved al- 
ready; ſo it is hardly poſſible tor the moſt cautious 
to make uſe of ſuch as may not be liable to excep- 
tions, from angry and captious men. Sir Jſaac New- 
ton, to exprels his idea of the divine Omnipreſence, had 
ſaid that the Deity perceived whatever paſſed in ſpace 
fully and intimately, as it were in his Senſorium. A 
clunour was railed by his adverſaries, as if he meant 

that 
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that ſpace was to the deity what the Senſorium is to 
our minds. But whoever conſiders this expreſſion 
without prejuclice, will allo that it conveys a very 
ſtrong idea of the intimate prefence of the i) Hity every 
where, and of his perecivinix whatever happens in 
the completeſt manner, without the uſe of any inter- 
mediate agents or inftruments, and that Sir //zzc a ade 
uſe of it with this view only : ; lor = very carelully 
guards againſt our imagining that external olyects act 
upon the Deity, Or that he 11:{tcrs any Pl O0iuy Or re- 
action from them. It is coin: nonly luppoled that 
the mind is intimately conteious of the mpretions 
upon the ſenſorium, ard that it is immeciately pre- 
lent there, and there omi; and as we muſt derive 
our idcas of the attributes of God from what we 
know of our minds, or of thole of others, in the 
beſt manner we can, by leaving out all imperle&tion 
and limitation; fo it was hardly poſſihle to have re- 
preſented to us the divine O17 preſence and Ouui— 
ſcience in a ſtronger light, than by this comparilon: 
But the fondnels of pilofophers for their favourite 
ſyſtems, often irritates them againſt thoſe, who, in 
the purſuit of truth, innocently bverturn their doc- 
trines; aud provokes them to catch at any occalion 
of finding fault, 


* 


9. But the greatelt clamour has been railed againſt 
Sir Hjaac Newton, by thoſe who have imagined that 
he repreſented πuuite ſpace as an atirihute of the 
Deity, and that i ie is preſent in all parts ot ſpace by 
diffuſion. T he truth is, no ſuch cxpreitions appear 
in his writings : he always thought and ſpoke with 
more veneration of the divinity than to allow himſclf 


ſuch liberties, On the contrary, he tells“ us that 
the 


Eternus eſt & infinitus, omnipotens & omniſciens, id eſt, 
durat ab æterno in zternum, & adult ab infinito in infigitum: om- 
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the Deity endures from eternity to eternity, and is 
preſent from infinity to infinity; but that he is not 
eternity or infinity, ſpace or duration.” He adds 
indeed, that as the Deity exiſts neceſſarily, and by 
the ſame neceſſity exiſts every where and always, he 
conſtitutes ſpace and duration: but it does not appear 
that this expretlion can give any juſt ground of com- 

laint ; for it is ſaying no more than "That fince he is 
eſſentially and neceſſarily preſent in all parts of ſpace 
and duration, theſe of conſequence, mutt alſo neceſ- 
ſarily exiſt. 


10. This idea is fo far from giving any juſt ground 
of complaint, that it accounts tor the neceſſary exiſ- 
tence of tpace, in a way worthy of the Deity, and 
ſuggeſts the noble improvement we may make of 
this doctrine, which lies ſo plain and open before us. 
Sir 1jaac Newton is ſo far from repreſenting the Deity 
as preſent in ſpace by diffuſion (as ſome have ad- 
vanced very unjultly) that he expreſly tells us“ there 
are ſucceilive parts in duration, and co- exiſtent parts 
in ſpace. But that neither are found in the ſoul or 
principle of thought which is in man; and that far 
leſs can they be found in the divine ſubſtance. As 
man is one and the ſame in all the periods of his life, 
and thro” all the vari-ty of ſenſations and paſſions to 
which he 1s ſubject; much more muſt we allow the 
ſupreme Deity to be one and the ſame in all time, and 
via regit, & omnia cognoſcit, que fiunt aut fieri poſſunt. Non 


eſt æternitas & infinitas, {ed æternus & infinitus; non eſt duratio 
& {patium, ſed durat & adeſt. Durat ſemper, & adeſt ubique, 


K exiſleudo lemp er & whigue, Curationem & ſpatium conſtituit. 


Ne: Fq Pri e; „. Sc ch3lium (rener ale, pag. 528. 

* Partes dantur ſucceſſivæ in duration e. coexiſtentes in ſpatio. 
neuttæ iu pertong hominis ſeu principio ejus cogitante; & multo 
minus in ſubllantia co: Zitante Dei. Omnis homo quatenus res 
ſentiens, ell unus & idem homo durante vita ſui in omnibus & 
i.ngulis ſenſuum organs, Deus eſt anus & idem Deus 3 & 
udique, tid, 
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in all ſpace, free from change and external influence. 
He adds, that the Deity is preſent every where, non 
per virtutem ſolam ſed ctiam per ſu"/*mtiam, fed modo 
pror ſus incorporeo, modo nobis Ppenitus ignvto, It is 
plain, therefore, that he was far from meaning that 
the Dei:y was prelent every where by the diffuſion of 
his ſubilance, as a body is preſent in ſpace by having 
Its parts diffuled in it. Nor 1s it ſurprizing taat we 
ſhould be at a loſs to give a ſatisfactory account of 
the manner of God's omnipreſence. Our knowledge 
of things penetrates not into their ſubſtance : we per- 
ceive only their figure, colour, external ſurface, and 
the effects they have upon us, but no ſenſc, or act of 
reflection, diſcovers to us their ſubſtance; and much 
leſs is the divine {ubltance known to us, As a blind 
man knows not colours, and-has no idea of the fen- 
ſation of thoſe who ice, ſo we have no notion how 
the Deity knows and acts. 


11, His exiſtence and his attributes are, in a ſen- 
ſible and ſatisfactory manner, diſplayed to us in his 
works; but his eſſence is unfathomable. From our 
exiſtence, and that of other contingent beings around 
us, we conclude that there is a firſt cauſe, whole ex- 
iſtence muſt be neceſſary, and independent of any 
other being; but it is only @ poſterior; that we thus 
infer the neceſſity of his exiſtence, and not in the 
ſame manner that we deduce the nec-ſlity of an eter- 
nal truth in geometry, or the property of a figure 
from its eſſence: nor is it even with that direct ſelt- 
evidence which we have for the neceſſary exiſtence of 
ſpace. We mention this only to do juſtice to Sir 
Iſaac Newton's notion, when he ſuggelts that the ne- 
ceſſary exiſtence of ſpace is relative to the neceſſary 
exiſtence of the Deity. Philoſophers have had al- 
ways diſputes about infinite ſpace and duration; and 
probably their conteſts on theſe fubjects will never 
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Dave an e nch: all we want to repreſent is Giily, that 
War; {o briefly and modeltly advanced by this great 


m. on theft ſubj:Cts, is, at leaſt, as rational and 
WSnααν of Hug es and as will joundec) in true 
philojop ! 55 any of their ſ hemes ; the” it mull. be 


expectc: that the beſt account we can form of mat- 
ters of fo arduous a nature, will be hable to d Hcul- 
ties and c{-«&ions. As for thoſe who wil 74 allow 
ſpace to be „ny thing real, we ob'erved above that 
the reality of motion, which is known by (Xperience, 
argues tha re ality of abſolute ſpace z3 without acmit- 
ting which, vc ſhould have nothing but conivtion 
and conan in natural philoſophy. Many 
otlicr nnen perucularly thoſe drawn from the 
axiom, #on er::s 47a funt aitributa, for the reality ot 
ſpace. whoſe paits arc ſubject to menſuration and va- 
rious relations, have been treated of largely by others, 
2. We obtervec above, that as the Deity is the 
firil _ dank cauſc of all thin gs, fo it is moſt un- 
acc ou gh to exclude him out of nature, and repre- 
ſent lum as an intelligentia exiramundana, On the 
conttary, it i mott natural to ſuppoſe him to be the 
chief me et throughout the whole univerſe, and 
tho! all other cauſes ate dependent upon him; and 
contormable to this is the reſult of all our enquiries 
into nature; where we are always mecting with 
powers that {urpals mere mechaniſm, or the effects of 
matter and motion. Ihe laws of nature are con- 
ſtant and reg ar, and, for 0:2ht we know, all of 
them may be ed into ↄne get neral and extenſive 
Power ; br eus powe; tielf dcrives its properties 
and efficacy, not from mechariſm, but, in a great 
mcaſure, from the immediate influences of the firſt 
mover. t apprars, however, not to have been his 
intention, that the preſent ſlate of things ſhould 
commue for ever without altcration 3 not oniy from 
what 
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wat paſſes in the moral world, but from the phæ- 
nemena of the material world ewig as it is cvi- 
dent that it could not have continued in its preſent 
ſtate from eternity. 


13. The power of gravity, by which the celeſtial 
bodies perſevere in their revolutions, penetrates to 
the centres of the ſun and planets without any dimi- 
nution of virtue, and is extended to immenſe dif- 
tances, decreaſing in a regular courſe, Its action is 
proportional to the quantity of ſolid matter in bodies, 
and not to their ſurtaces, as is uſual in mechanical 
cauſes : this power, therefore, ſeems to ſurpaſs mere 
mechaniſm. But, whatever we ſay of this power, it 
could not poſſibly have produced, at the beginning, 


the regular ſituation of the orbs and the preſent dif- 


poſition oi things. Gravity could not have deter- 
mined the planets to move from welt to caſt in orbits 
nearly circular, almoſt in the fame plane ; nor could 
this power have projected the comets with all variety 
of directions. If we ſuppoſe the matter of the 
ſyſtem to be accumulated in the centre by its gra- 
vity, no mechanical principles, with the aſſiſtance 
of this power of gravity, could ſeparate the vaſt 
mals into ſuch parts as the ſun and planets, and, at- 
ter carrying them into their different diſtances, pro- 
ject them in their ſeveral directions, preſerving (till 
the equality of action and reaction, or the ſtate of 
the centre of gravity of the ſyſtem. Such an ex- 
quiſite ſtructure of things could only ariſe from the 
contrivance and powerful influences of an intelligent, 
free, and moſt potent agent. The ſame powers, 
therefore, which at preſent govern the material uni- 
verſe, and conduct its various motions, are very dit- 
ferent from thuſe which were neceſſary to have pro- 
duced it from nothing, or to have diſpoſed it in the 
admirable form in which it now proceeds. 
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14. As we cannot but conceive the univerſe, as 
depending on the firſt cauſe and chief mover, whom 
it would be abſurd, not to ſay impious, to exclude 
from acting in it; fo we have ſome hints of the man. 
ner in which he operates in nature, from the laws 
which we find eſtabliſhed in it. Tho' he is the 
ſource of all efficacy, yet we find that place is left 
for ſecond cauſes to act in ſubordination to him; 
and mechaniſm has its ſhare in carrying on the great 
ſcheme of nature *, The eſtabliſhing the equality 
of action and reaction, even in thoſe powers which 
ſeem to ſurpals mechaniſm, and to be more imme- 
diately derived from him, ſeems to be an indication 
that thoſe powers, while they derive their efficacy 
from him, are however, in a certain degree, circum- 
ſcribed and regulated in their operations by mechani- 
cal principles; and that they are not to be conſidered 
as mere immediate volitions of his (as they are oſten 
repreſented) but rather as inſtruments made by him, 
to perform the purpoſes for which he intended them. 
If, for example, the moſt noble phenomena in na- 
ture be produced by a rare elaſtic etherial medium, 
as Sir Iſaac Newton conjectured, the whole efficacy 
of this medium muſt be reſolved into his power and 
will, who is the ſupreme cauſe. This, however, 
docs not hinder, but that the ſame medium may be 
ſuhject to the like laws as other claſtic fluids, in its 
actions and vibrations; and that, it its nature was 
better known to us, we might make curious and 
uſeful diſcoveries concerning its effects, from thoſe 
laws. It is eaſy to ſee that this conjecture no way 
dcrogates from the government and influences of 
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the Deity ; while it leaves us at liberty to purſue our 
enquiries concerning the nature and operations of 
ſuch a medium. Whereas they who hallily reſolve 
thoſe powers into immediate volitions of the ſupreme 
cauſe, without admitting any intermediate inſtru— 
ments, put an end to our enquiries at once; and 
deprive us of what is probably the moſt ſublime part 
of philoſophy, by repreſenting, it as imaginary and 
fictitious : by which means, as we obſerved above *, 
they hurt thoſe very intereſts which they appear fo 
ſanguine to promote; for the higher we riſe in the 
ſcale of nature, towards the ſupreme cauſe, the views 
we have from philoſophy appear more beautiful and 
extenſive, Nor 1s there any thing extraordinary in 
what is here repreſented concerning the manner in 
which the Supreme Cauſe acts in the univerſe, by 
employing ſubordinate inſtruments and agents, which 
are allowed to have their proper force and efficacy 
for this we know is the cafe in the common courſe 
of nature ; where we find gravity, attraction, re- 
pulſion, Sc. conſtantly combined and compounded 
with the principles of mechaniſm: and we ſee no 
reaſon why it ſhould not likewiſe take place in the 
more ſubtile and abſtruſe phænomena and motions of 
the ſyſtem, 


15. It has been demonſtrated by ingenious men, 
that great revolutions have happened in former times 
on the ſurface of the earth, particularly from the 
phenomena of the Strata; which ſometimes are 
found to lie in a very regular manner, and ſome- 
times to be broken and ſeparated from each other to 
very conſiderable diſtances, where they are found 
again in the fame order; from the impreſſions of 
plants left upon the hardeſt bodies dug deep out of 
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the earth, and in places where ſuch plants are not 
now found to grow; and irom bones of animals 
both of the land and ſea, diſcovered ſome hundreds 
of yards beneath the preſent ſurface of the earth, 
and at very great diſtances from the ſea, Some phi- 
lolophers explain theſe changes by the revolutions of 
comets, or other natural means: but as the Deity 
has formed the univerſe dependent upon himſelf, fo 
as to require to be altered by him, tho? at very diſ- 
tant periods of time; it does not appear to be a 
very important queſtion to enquire whether theſe 
great changes are produced by the intervention of 
inſtruments, or by the ſame immediate influences 
which firſt gave things their form, 


16. We cannot but take notice of one thing, that 
appears to have been deſigned by the author of na- 
ture: he has made it impoſſible for us to have any 
communication from this earth with the other great 
bodies of the univerſe, in our preſent (tate ; and it 
is highly probable, that he has likewiſe cut off all 
communication bet wixt the other planets, and be- 
twixt the different ſyſtems. We are able, by tele- 
ſcopes, to diſcover very plainly mountains, preci- 
pices and cavities in the moon : but who tread thoſe 
precipices, or for what purpoſes thoſe great cavities 
(many of which have a little elevation in the mid- 
dle) ſerve, we know not; and are at a loſs to con- 
ceive how this planet, without any atmoſphere, va- 
pours, or ſeas, (as is now the common opinion of 
aſtronomers) can ſerve for like purpoſes as our 
earth, We obſerve ſudden and ſurprizing revolu- 
tions on the ſurface of the great planet Jupiter, 
which would be fatal to the inhabitants of the earth. 
We obſerve, in them all, enough to raiſe our curio- 
ſity, but not to ſatisfy it. From hence, as well as 
from the ſtate of the moral world, and many e 

conſi- 
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conſiderations, we arc induced to believe, that our 
preſent ſtate would be very imperfe& without a ſub- 
ſequent one; wherein our views of nature, and of 
its great author, may be more clear and ſatisfactory. 
It does not appear to be ſuitable to the wiſdom that 
ſhines throughout all nature, to ſuppoſe that we 
ſhould ſee ſo far, and have our curioſity ſo much 
raiſed concerning the works of God, only to be diſ- 
appointed at the end, As man 1s undoubtedly the 
chief being upon this globe, and this globe may be 
no leſs conſiderable, in the moſt valuable reſpects, 
than any other in the ſolar ſyſtem, and this ſyſtem, 
for ought we know, not inferior to any in the uni- 
verſal ſyſtem; ſo, if we ſhould ſuppoſe man to pe- 
riſh, without ever arriving at a more complete know- 
ledge of nature, than the very imperfect one he at- 
tains in his preſent ſtate; by analogy, or parity of 
reaſon, we might conclude, that the like deſires 
would be fruſtrated in the inhabitants of all the other 
planets and ſyſtems ;z and that the beautiful ſcheme 
of nature would never be unfolded, but in an ex- 
ceedingly imperfect manner, to any of them. This, 
therefore, naturally leads us to conſider our preſent 
ſtate as only the dawn or beginning of our exiſtence, 
and as a ſtate of preparation or probation for farther 
advancement : which appears to have been the opi- 
nion of the moſt judicious philoſophers of old. And 
whoever attentively conſiders the conſtitution of 
human nature, particularly the deſires and paſſions 
of men, which appear greatly ſuperior to their pre- 
ſent objects, will eaſily be perſuaded that man was 
deſigned for higher views than of this life, Theſe 
the author of nature may have in reſerve to be 
opened up to us, at proper periods of time, and at- 
ter due preparation. Surely it is in his power to 
grant us a far greater improvement of the faculties 
we already poſſeſs, or even to endow us ks” wy 

acul- 
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faculties, of which, at this time, we have no idea, 
for penetrating farther into the ſcheme of nature, 
and approaching nearer. to him ſelf, the firſt and 
ſupreme cauſe. We know not how far it was pro- 


per or neceſſary that we ſhould not be let into know- 
ledge at once, but ſhould advance gradually, that, 


by comparing new objects, or new diſcoveries, with 
what was known to us before, our improvements 


might be more complete and regular; or how far it 


may be neceſſary or advantageous, that intelligent 
beings ſhould pals through a kind of infancy of 
knowledge. For new knowledge does not conſiſt 


fo much in our having acceſs to a new object, as in 


comparing it with others already known, obſerving 
its relations to them, or diſcerning what it has in 
common with them, and wherein their cdliſparity 
conſiſts. Thus our knowledge is vaſtly greater than 
the ſum of what all its objects ſeparately could af- 


ford; and when a new. object comes within our 
reach, the addition to our knowledge is the greater, 
the more we already know; fo that it increaſes not 


as the new objects increaſe, but in a much higher 


proportion. «„ „ 


